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SYNOPSIS

The Regulatory Works Appendix describes the engineering works that would be
necessary to accomplish limited regulation of Lake Erie. It also describes
the remedial works that would be required in the St. Lawrence River to accom-
modate combined regulation plans for Lakes Erie and Ontario. Plans for
limited regulation of Lake Erie are described in the International Lake Erie
Regulation Study Board's main report and Appendix A - Lake Regulation.

Limited regulation of Lake Erie would require dredging of its outlet river so
that greater flows could be released at times when high supplies to the upper
Great Lakes occur, and a control structure capable of restoring the prepro-

* ject outflow condition when supplies are below average. This appendix
describes the existing facilities in the outlet of the Lake Erie, and
discusses the problems encounted in providing such structures. It also
outlines several Niagara regulatory works alternatives, describes the design
criteria, and the methods used in preparing preliminary designs and cost
estimates.

The various regulation plans developed for Lake Erie require various
increases in outlet capacity. In order to implement these regulation plans,
the Board examined seven different Niagara alternative structures. These
structures would have capacities ranging from 4,000 cubic feet per second,
such as the case of the modified Black Rock Navigation Lock, to about 30,000
cfs, such as the case of the partial Niagara River structure.

From a series of Lake Erie regulation plans, the Board selected three for
more detailed evaluation. These are Plans 6L, 15S, and 25N. Plan 6L would
require the use of the Black Rock Navigation Lock modified to permit year-
round operation. The average annual costs and their cost in equivalent pre-
sent worth, are $1.2 million and $13.8 million, respectively. Plan 15S would
require the construction of a Squaw Island diversion channel. The average
annual costs and their cost in equivalent present worth, are $2.0 million and
$22.5 million, respectively. Plans 25N would require channel enlargement in
the Niagara River, and construction of a structure extending part way from
the shore into the Niagara River. The average annual costs and their cost in
equivalent present worth, are $11.6 million and $134.3 million. All cost
figures are at July 1979 price level.

Limited regulation of Lake Erie would change the sequence and magnitude of
supplies to Lake Ontario. Noting that the St. Lawrence Seaway and Power
Project could not cope with the record high water supplies to Lake Ontario in
the early 1970's, the Board estimated the locations and extents of channel
enlargements that would be required in the St. Lawrence River. Such channel
enlargements would provide the additional capacities so that, when tested
over the study period 1900-1976, the resulting levels and outflows of Lake
Ontario would satisfy the International Joint Comisslon's Orders of Approval
for the regulation of Lake Ontario.

To provide the capacities solely to acconmmodate the high supplies of the
early 1970's, channel enlargements in the International and Canadian Reaches
of the St. Lawrence River would be required. The average annual costs and



their cost in equivalent present worth, are $6.9 million and $80.1 million,
respectively. No additional channel enlargement would be required for Plan
6L. To accommuodate Plan 15S, the average annual costs of the channel
enlargement in the St. Lawrence River, and their cost in present worth, are
$8.3 million and $96.7 million, respectively. To accoemmodate Plan 25N, the
average annual costs of the channel enlargement in the St. Lawrence River and
their cost in present worth, are $7.4 million and $85.6 million,
respectively.
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Section 1

INTRODUCTION

1.1 Leneral

As a result of d reconiiendation in the International Joint Commission's
197b Report to the Governments of Canada and the United States, entitled
"Further Regulation of the Great Lakes," the Governments issued on
February 21, 1977 a reference to the International Joint Commission (IJC).
Pursuatit to this reference, the Conmmission established the International
Lake Erie Regulation Study Board. The Commission directed the Board to
undertake a study to determine possibilities for lowering extremely high
water levels by limited regulation of Lake Erie, taking into account the
applicable Orders of Approval of the Conmmission and the recommendations of
the Canada-Quebec study of flow regulation in the Montreal region. As part
of the study, the Board examined a broad spectrum of regulation-related
economic, social, and environmental effects of limited regulation throughout
the Great Lakes Basin, including the International and Canadian Reaches of
the St. Lawrence River. Any modification to the outflows of Lake Erie would
affect a portion of the supply of water to Lake Ontario and, to some extent,
affect the levels and outflows of the upper Great Lakes. In this regard, the
board evaluated three regulation categories for study purposes. Categories 1
and 2 consider Lake Erie regulation constrained by the present Orders of
Approval and channel limitations of the St. Lawrence River. Category 3 con-
siders channel modifications and/or remedial measures in the St. Lawrence
River to accommodate regulation of Lakes Lrie and Ontdrio. A more detailed
description of the three regulation categories is presented in Appendix A,
Lake Regulation. The Cotuiiission further directed that if the Board finds

that new or altered regulatory works or other measures would be practical, it
should estimate their costs, dnd the effects, whether beneficial or adverse,
on the various interests. Moreover, the cost and effects of remedial works
needed to copensate for any adverse effects resulting from such regulatory
works should also be examined. In this regard, the Board studied the reine-
dial works that would be necessary in the St. Lawrence River to accommodate
increased flows resulting from limited regulation of Lake Erie under
Category 3.

Limited regulation of Lake Erie requires up to three basic engineering
alterations: first, channel enlargitents are required to increase the
discharge capacity of the Niagara River outlet so that, when necessary, more
water could be released than under unregulated conditions; second, a control
structure is needed to decrease the outflow to restore preproject conditions
during periods of low and average lake levels; and, third, channel enlarge-
ments are necessary to increase the discharge capacity of the St. Lawrence
River so as to meet the requirements for the regulation of Lake Ontario. The
chainel enlargements, new structures, and appurtenant works considered
necessary to accomplish limited regulation of Lake Erie are the subject of
this Appendix.
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1.2 Purpose

The purpose of this Appendix is to describe the outlet systems of Lake
Erie and Lake Ontario, the problems to be faced in providing the required
regulatory and remedial facilities, the design criteria and methods used, and
the preliminary designs and cost estimates of the engineering works which
would be required to institute the various regulation plans considered in
this study.

1.3 Scope

To provide limited regulation of Lake Erie under Categories 1 and 2, a
control structure and/or channel enlargement would be required at the head of
the Niagara River. Section 2 of this Appendix deals with the Niagara River
system and discusses the various regulatory works alternatives that were con-
sidered in the study process. The St. Lawrence River system is the subject
of Section 3. Limited regulation of Lake Erie would result in an increase in
the frequency and duration of high Lake Ontario outflows and would require an
increase in the discharge capacity of the St. Lawrence River under Category
3. To provide the necessary discharge capacity, channel enlargements would
be required in certain sections of the International Reach of the river. In
addition, channel enlargements would also be required in the Lachine Rapids
section of the Canadian Reach to mitigate flooding in Lake St. Louis area.
The designs and cost estimates for each regulatory works alternative are
included in Sections 2 and 3 along with cost estimates for the various
selected regulation plans.

Throughout the course of these studies, a number of reports were pre-
pared by various governmental agencies and private consulting engineering
firms from which appropriate material was drawn for the purpose of the preli-
minary design of regulatory works. A reference list is included in Annex C.

All data which were used during the course of these regulatory works
studies, including contributory reports, are filed in a central location in
Canada and the United States. These data may be obtained at either of the
following agencies:

Water Planning and Management Branch
Inland Waters Directorate
Environment Canada
P.O. Box 5050
Burlington, Ontario Canada L7R4A6

Buffalo District
U. S. Army Corps of Engineers
1776 Niagara Street
Buffalo, New York, Ui. S. A. 14207

1.4 Study Organization

The Working Committee, established by the Lake Erie Regulation Study
Board, created a Regulatory Works Subcommnittee to conduct the necessary engi-
neering studies and to prepare designs and cost estimates of the works which
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would be required to implement the selected regulations plans. The terms of
reference of the subcoimittee are reproduced as Annex A. The subconmittee
was comprised of personnel from the U. S. Army Corps of Engineers, Power
Authority of State of New York, New York State Department of Environmental
Conservation, 1,t. Lawrence Seaway Development Corporation, Canadian
Department of riivironment, Canadian Department of Public Works and Ontario
Hydro. The members of this subconmmittee are listed in Annex B.

1.5 Prior Studies

The most significant relevant prior studies were conducted by the
International Great Lakes Levels Board and the U. S. Army Corps of Engineers.
The findings of the Levels Board were published in a report dated December
1973, entitled "Regulation of Great Lakes Water Levels, Report to the
International Joint Commission." Appendix G of that report describes the
engineering works that would be necessary to accomplish further regulation of
the levels and flows of the Great Lakes. In particular, Section 4 of
Appendix G describes two alternatives for Niagara River control structures
and channel enlargement to either increase or decrease the levels and flows
of Lake Erie. Section 4 also provides a preliminary appraisal of a plan for
increasing Lake Erie outflow via the Black Rock Canal and a diversion
channel/control structure to be located on Squaw Island. The findings of the
Corps of Engineers were published in a report dated September 1974, entitled
"Report on Superior-Erie-Ontario Regulation Plan, SEO-17P.' The letter
report focused on plans for the limited regulation of Lake Erie and was an
extension of the Squaw Island diversion channel study documented in the 1973
Levels Board Report discussed above. For the present study, a wide range of
alternative plans were developed and optimized utilizing different types and
locations of structures.

The subco~mittee has also, wherever appropriate, referred to and drawn
upon information given in reports of other IJC studies and the results of
various independent studies.
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Section 2

NIAGARA RIVER SYSTEM

2.1 Preface

An array of structural alternatives in the Niagara River was chosen to
accommodate a wide range of flows permitting limited regulation of Lake
Erie associated with the three regulation categories selected for study
purposes and discussed in Section 1.1. Preliminary engineering designs and
cost estimates for regulatory works in the Niagara River were prepared to:
(1) facilitate site selection; (2) provide a range of discharge capacity
versus cost curves to be used as input during the formulation of regulation
plans; and (3) form a basis for the evaluation of the selected regulation
plans presented in Appendix A, Lake Regulation. The following is a detailed
summary of the studies completed and preliminary results.

2.2 Description of the Project Area

The Niagara River, about 35 miles in length, links Lake Erie at Buffalo,
New York, and Lake Ontario at Niagara-on-the-Lake, Ontario. The average
fall over its course is 325 feet, about half of which is concentrated at
Niagara Falls, located approximately 22 miles below the head of the river.
Over the period 1900-1976, the monthly mean Niagara River discharge has
varied from 265,000 cfs to 116,000 cfs and has averaged about 200,000 cfs.
A portion of the Lake Erie outflow is also diverted through the Welland
Canal.

2.2.1 General

An outstanding physical characteristic of the Niagara River is the
rapid change in the water surface profile between various points on the river
system. The Niagara River may be considered to consist of three major
reaches: the Upper Niagara River; the Niagara Cascades and Falls; and, the
Lower Niagara River which extends from the foot of the Falls at the
Maid-of-the Mist Pool to Lake Ontario. A location map of the Niagara River
and surrounding area is shown on Figure B-i.

The Upper Niagara River, which extends from Lake Erie below Buffalo
Harbor to the Cascades and Niagara Falls, is of primary interest since regu-
latory works must be located in the upper portion of this reach to fulfill
the study objectives. An aerial photograph of the reach, extending from the
Peace Bridge to the downstream extremity of Squaw Island is shown on Figure
B -2.

From Lake Erie to Strawberry Island, a distance of approximately
5 miles, the channel width varies from 9,000 feet at its funnel-shaped
entrance to 1,500 feet at Squaw Island below the Peace Bridge. The fall over
this upper 5-mile portion is 6.1 feet. In the upper 2 miles of the river,
the maximum depth is approximately 20 feet with velocities as high as 12 fps
in the vicinity of the Peace Bridge. This part of the river is paralleled by
the Black Rock Canal. Below Squaw Is land, the river widens to approximately
2,000 feet and becomes more placid with velocities of 4 to 5 feet per second.
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The Upper Niagara River is suitable for recreational boating. Downstream
from Navy Island, boating is discouraged due to the danger of being swept
over Niagara Falls.

At Strawberry and Grand Islands, the river is divided into two channels,
the Chippawa Channel and the Tonawanda Channel. The Chippawa Channel is
approximately 11 miles in length and varies from 2,000 to 4,000 feet in
width. Velocities range from 2 to 3 fps. The Chippawa Channel carries
approximately 60 percent of the total river flow. The Tonawanda Channel is
approximately 15 miles long and varies from 1,500 to 2,000 feet in width
above Tonawanda Island. Downstream thereof, the channel varies from 1,500 to
4,000 feet in width. Velocities range from 2 to 3 fps. The islands of Navy
and Tonawanda are located in the Chippawa and Tonawanda Channels,
respectively.

At the foot (north) of Grand Island, the channels unite to form the
3-mile-long Chippawa-Grass Island Pool vhich leads to a partial control
structure extending from the Canadian shoreline. This structure is located
approximately 4,500 feet upstream of the Falls. The fall from Lake Erie to
the Chippawa-Grass Island Pool control structure is about 10 feet.

The immediate project area extends from Lake Erie below Buffalo Harbor
to the downstream extremity of Squaw Island, a distance of approximately
3-1/2 miles.

2.2.2 Existing Regulatory Works

To fulfill the objectives of the 1950 Niagara Diversion Treaty, a
control structure was constructed in the lower end of the Chippawa-Grass
Island Pool approximately 4,500 feet upstream of the Falls. The control
structure permits the diversion of water to the Sir Adam Beck and Robert
Moses high-head power plants and the maintenance of the minimum flows
required by the Treaty over the Falls. The original structure, as
constructed between 1954 and 1957, consists of thirteen 100-foot gates for a
total length of 1,500 feet. Following completion of power facilities expan-
sion in 1961, five additional 100-foot gates were constructed between 1961
and 1963. A man-made island, called Tower Island, was constructed at the end
of the structure.

The control structure is operated by the Power Entities to maintain
flows of not less than 100,000 cfs over the Falls during the daylight hours
of the tourist season and not less than 50,000 cfs at other times. The
directives of the International Niagara Board of Control, dated 30 June 1955
and 27 February 1973, require the entities to operate the control structure
such that the levels of Chippawa-Grass Island Pool are maintained as near as
practicable to Its long-term mean natural level of 561.0 feet (IGLD) as
recorded at Material Dock gauge. The effect of this control structure does
not extend far enough upstream to alter the natural outflow of Lake Erie into
the Niagara River.
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2.2.3 Power Facilities and Flows

All power diversions are made in compliance with the 1950 Niagara
Diversion Treaty so that the criteria as outlined in paragraph 2.2.2 above
are met. A description of the plants and the corresponding diversions are
discussed in Appendix E, Power.

2.2.4 Navigation Facilities

The Black Rock Canal parallels the upper reach of the Niagara River
from Buffalo Harbor to the downstream end of Squaw Island, from which point a
navigation channel in the river extends to Tonawanda, New' York. The canal
and navigation channel have a depth of about 21 feet. The canal provides an
alternate route around the constricted, shallow, and high velocity Peace
Bridge reach at the head of Niagara River. Extending from Buffalo Harbor to
the river above Strawberry Island, the canal is separated from the river by a
series of stone and concrete walls and by Squaw Island. The Biack Rock Lock,
which has a lift of about 5 feet, is located near the lower end of the canal.
Operation of the lock requires the equivalent of a flow of about 10 cfs.
From Tonawanda to Niagara Falls, New York, opposite the southern tip of Grand
Island, a navigation channel with a minimum depth of 12 feet below low water
datum is maintained.

A further discussion of navigation facilities and the effects of
limited regulation of Lake Erie on commnercial navigation can be found in
Appendix C, Commnercial Navigation.

2.2.5 Bridges, Docks, and Other Facilities

Two bridges linking the Province of Ontario and the State of New York
are located over the Upper Niagara River. The Peace Bridge (highway) crosses
the head of the river and the Black Rock Canal near Lake Erie. The
International Railroad bridge crosses the river and the canal about 1.5 miles
downstream from the Peace Bridge. The South and North Grand Island highway
bridges traverse the Tonawanda Channel at Kenmore and Niagara Falls, New
York, respectively.

Docks for recreational craft are located at many points along the Upper
Niagara River with a particularly high concentration along Grand Island.
There are commercial docks for bulk commodities along the United States
shoreline between the lower end of Black Rock Canal and North Tonawanda, New

York Several municipal and industrial water intakes and waste outfalls are
located in the upper river. Some of these have structures extending above
the water surface. The Buffalo sewage treatment plant is located on the
upper end of Squaw Island between the Black Rock Canal and the river.

2.3 Selection of Regulatory Works Alternatives

To provide for limited regulation of Lake Erie during periods of high

supply, an array of seven structural alternatives were chosen to accommnodate
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a wide range of increased flows from Lake Erie. The locations of the seven
alternatives are shown on Figure B-3. These alternatives are grouped into
three types and involve the following:

1. Series "N" - Construction of a partial control structure located
in the Niagara River along with compensating dredging;

2. Series "S" - Construction of a control structure and diversion
channel across Squaw Island;

3. Series "L" - Modification of the existing Black Rock Lock to permit
diversion flow through the open lock chamber.

After reviewing the seven possible alternatives, preliminary designs
and cost estimates were prepared for regulatory works involving five of these
seven alternatives; namely Li, S1, S2, S3, and N3 (Figure B-3). Preliminary
hydraulic investigations of the Niagara River alternatives indicated that NI
and N2 were the least economical of the river plans and were eliminated from
further consideration. Alternative N3 was selected as the most feasible N
type option. The rationale for selection of alternative N3 is contained in
Annex D.

The three types of regulatory works alternatives under consideration
are discussed briefly below. A detailed description of each alternative is
included in Section 2.6.

2.3.1 Niagara River Alternatives

In the Niagara River, alternatives Ni and N2 would require multi-gated
control structures located at sites previously selected and described in the
Levels Board 1973 Report. Alternative N3 would require a multi-gated struc-
ture located in the river approximately 300 feet downstream from' the existing
Peace Bridge. Each of the alternatives would also require extensive coffer-
dams during construction and substantial amounts of rock dredging within the
river channel. Size variations of the series "N" alternatives would increase
the river' s annual discharge capacity up to 29,000 cfs and would cost up to
$129.6 million.

Figure B-4 is a location map of alternative N3 which is typical of the
series "N" alternatives.

2.3.2 Black Rock Canal - Squaw Island Alternatives
On Squaw Island, alternative S1 would require a diversion channel and

control structure located along an alignment selected by the Levels Board and
described in their December 1973 report. Alternative S2 would require a
diversion channel and control structure located along an alignment parallel
to and adjacent to the existing Black Rock Lock. Alternative S3 would
require a control structure located along the existing alignment of the Bird
Island Pier at the upstream end of Squaw Island. Each of the Squaw Island
alternatives also require varying amounts of bank protection at critical

locations along the Black .ock Canal. Likewise, the net annual discharge
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capacity of each alternative would be substantially limited by seasonal navi-
gation requirements in the canal. In addition, alternatives Si and S2 would
require substantial expenditures for real estate since they would be located
on land owned by the city of Buffalo. Size variations of the series "S'
alternatives would increase the net annual discharge capacity of the Niagara
River up to 12,000 cfs and would cost up to $32.0 million.

Location maps of the series "S" alternatives are shown on Figures B-5,
B-6, and B-7.

2.3.3 Black Rock Canal -Black Rock Lock Alternatives

Alternative Li would require modifying the existing Black Rock Lock by
the addition of a pair of sector gates. Since dimensional modification of
the lock chamber is not permissible, the maximum discharge capacity of this
alternative is limited. This alternative would also require bank protection
at critical locations along the Black Rock Canal to achieve mid-range through
maximum discharge capacity. In addition, operation of the lock to accom-
modate seasonal navigation requirements in the Black Rock Canal would
substantially limit the net annual discharge capacity of this alternative.
Variations of alternative Li would increase the net annual discharge capacity
of Niagara River up to 9,000 cfs and would cost up to $13.1 millioni.

Figure B-8 is a location map of alternative Li which is y~ l" h
series "L"1 alternatives.

2.4 Hydraulic Considerations

The principal hydraulic considerations utilized in studies of Lake
Erie regulatory works are discussed below.

2.4.1 Assumptions

Basic assumptions made in the study process were:

1. Uniform hydraulic conditions for Lake Erie will be adopted in
order to permit the hydrologic comparison of various regulation plans on a
consistent basis;

2. The level of Chippawa-Grass Island Pool will be maintained in
accordance with the current operating procedures directed by the
International Niagara Board of Control, as detailed in its order of

21 February 1973;
3. Flow diversions through the Welland Canal will not change;

4. The Niagara River Ice Boom will be kept in operation;

5. Diversion flows associated with alternatives utilizing the Black
Rock Canal will be subject to operational constraints to accommodate both
commercial and recreational navigation.
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2.4.2 Short Period Water Level Fluctuations

Of the five Great Lakes, Lake Erie is the shallowest with an average
depth from low water datum of 62 feet. The prevailing wind over the Lake
Erie basin is south westerly which coincides with the longitudinal axis of
the lake causing significant storm surge or wave setup. Of significance,
also, is the oscillation of the lake surface produced by changes in wind
and/or barometric pressure commonly referred to as a seiche. Wind-produced
seiches follow cessation or shifts in wind direction after a period of rela-
tively steady wind in one direction. A rise in water surface elevation, due
to storm surge, of 5 feet above the prestorm level can be expected annually
at Buffalo. The maximum recorded storm surge at the Buffalo gauge is about 8
feet. This elevation was utilized in the preliminary design of regulatory
works.

2.4.3 Ice Problems

During winter, thin ice sheets may form in shallow areas of the Niagara
River near shore. A heavy ice sheet may also form over extensive areas of
the Black Rock Canal. However, the principal problem in the area is the
breakup of the ice field in Lake Erie, which results in the passage of ice
both down the river and into the canal. Ice floes have been observed with
thicknesses up to 20 feet in the upper river and up to several feet in the
canal. The Power Entities, PASNY and Ontario Hydro, employ icebreakers in
the vicinity of their power intakes to maintain power diversions. Frazil and
anchor ice conditions occur periodically, causing reductions in the cross-
sectional area of the river channel and blocking power intakes thus reducing
flows available for power generation. However, frazil and anchor ice
problems are considered secondary to those caused by the breakup of the Lake
Erie ice field.

Each winter, beginning in 1964 with the approval of the International
Joint Commnission, the Power Entities have installed a floating ice boom in
Lake Erie, at the head of the Niagara River. The boom is normally placed in
December and removed in April. The purpose of the ice boom is to reduce the
frequency and duration of ice runs from Lake Erie. Placement of the boom
hastens and lends stability to the formation of a natural ice arch that takes
place near the head of the Niagara River nearly every winter. Once the ice
arch is formed, the arch bears the normal pressure of lake ice. Under storm
conditions, the boom is designed to submerge in the face of severe ice
pressures thereby permitting some of the ice cover to pass. When the storm
subsides and pressure is dissipated, the boom emerges to prevent continuing
passage of ice. It has been generally successful in preventing severe ice
jammning in the Niagara River.

Ice problems would have considerable impact on the hydraulic design and
construction of any structure in the Niagara River and would affect, to a
lesser degree, any diversion plan via the Black Rock Canal. Due to the
complexity, variability, and indeterminate nature of the ice problem,
detailed engineering evaluations were deferred. Although ice management
features were incorporated into the preliminary designs and cost estimates
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based on literature surveys and operational experience, the subject of ice
problems should be thoroughly addressed in any advanced design of structures
in the Niagara River.

2.4.4 Operational Constraints
Any diversion flow through the Black Rock Canal would have an adverse

impact on both commercial and recreational navigation. To minimize this
impact, diversions via the canal would be restricted to night hours during
the navigation season. Operating plans were developed to be used in
conjunction with the Squaw Island series "S"6 alternatives and another.
somewhat more restrictive, plan to be used with the Black Rock Lock
series "L" alternative. These operating plans are shown on Figures B-9
and B-10. Each of these operating plans would substantially limit the daily
diversion flows on a seasonal basis in order to accommnodate the overall
navigation requirements in the Black Rock Canal. The effect of each
operating plan on diversion flow in the canal is indicated by an efficiency
factor. This factor represents the percentage of possible channel capacity
available due to the imposed operating constraints.

2.4.5 Methodology

Steady-state mathematical models were developed for hydraulic analyses
of the Upper Niagara River and the Black Rock Canal. Essentially, the models
are computer programs which perform backwater computations under steady-state
flow conditions. The Niagara River model extends from the Chippawa-Grass
Island Pool to the head of the river at Buffalo, New York and utilizes a
U. S. Army Corps of Engineers computer program entitled, "Steady-State
Sub-Critical Flow Backwater Model for the Niagara River." A listing of this
computer program is contained in Annex E. The Black Rock Canal model extends
from the appropriate downstream confluence of the canal and river, depending
upon the alternative under study, to the head of the canal at Buffalo Harbor.
This model employs a computer program developed by the U. S. Army Corps of
Engineers, Hydrologic Engineering Center, and entitled, "Computer Program
723-X6-L202A; HEC-2 Water Surface Profiles." The models were calibrated
using flows and levels obtained by measurement programs conducted by Water
Survey of Canada, Environment Canada, and Detroit District, U. S. Army Corps
of Engineers.

The mathematical models were utilized to determine the nature and extent
of channel enlargements and/or modifications needed to meet the hydraulic
requirements of any selected regulation plan. For any given alternative, the
models were used to determine the resulting water surface elevations and
average channel velocities at strategic locations along the river and canal.
In addition, channel capacities, channel excavation, length of control
structures, and length and locations of associated bank and shore protection
works were determined, based on output data from these models.

Cross sections of the river channel extending from the Slaters Point
gauge, located at the head of the Chippawa-Grass Island Pool, to Lake Erie
were incorporated into the Niagara River model. Backwater computations were
then initiated at the Chippawa-Grass Island Pool, using the water level
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OPERATING PLAN I FOR DIVERSION VIA BLACK ROCK CANAL
WMi5NATIVES SI. S2, and ST

ASSUMPTIONS:

1. Diversion flows in the Black Rock Canal will be limited to the following
periods:

Mid-April to May -12 hours per day
June to August -8 hours per day
September to mid-December - 12 hours per day
Mid-December to mid-April - 24 hours per day

2. Commercial navigation in the Black Rock Canal will be permitted during
the remaining periods.

3. Recreational navigation will be allowed unlimited use of the canal during
the commiercial navigation periods.

AVERAGE ANNUAL EFFICIENCY FACTOR*:

Average annual factor - 62.5 percent

SEASONAL VARIATION IN EFFICIENCY FACTOR*:

Mid-April to May - 50 percent
June to August - 33-1/3 percent
September to mid-December - 50 percent
Mid-December to mid-April - 100 percent

*Percentage of possible channel capacity available due to operating
constraints.

Figure 8-9

B-19



OPERATING PLAN 11 FOR DIVERSION VIA BLACK ROCK CANAL
ALTERNATIVE L1_

ASSUMPTIONS:

1. Diversion flows in the Black Rock Canal will be limited to the following
periods:

Mid-April to May - 12 hours per day
June to August - 8 hours per day
September to mid-December - 12 hours per day
Mid-December to mid-March - 24 hours per day

2. Diversion flows and navigation will not be permitted between mid-March
and mid-April when the lock must be closed for annual maintenance.

3. Commnercial navigation in the Black Rock Canal will be permitted during
the remaining periods.

4. Recreational navigation will be allowed unlimited use of the canal during
the commiercial navigation periods.

AVERAGE ANNUAL EFFICIENCY FACTOR*:

Average annual factor - 54.2 percent

SEASONAL VARIATION IN EFFICIENCY FACTOR*:

Mid-March to mid-April - 0
Mid-April to May - 50 percent
June to August - 33-1/3 percent
September to mid-December - 50 percent
Mid-December to mid-March - 100 percent

*Percentage of possible channel capacity available due to operating
constraints.

Figure 8-10
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determined from the Slaters Point stage-discharge rating curve, and continued
upstream to the Buffalo gauge at Lake Erie. For the series "N" alternatives,
it was necessary to determine the amount of dredging in the Niagara River
needed to accomm~odate selected increases in outflow. The cross sectional
areas corresponding to these enlargements were used in the backwater
computations.

Cross sections of the Black Rock Canal and/or the Squaw Island diversion
channel were incorporated into the Black Rock Canal mathematical model.
Backwater computations for the series "L" alternatives were initiated at the
confluence of the river and the downstream Black Rock Lock approach channel
and continued upstream to the Buffalo gauge at Lake Erie. Likewise, back-
water computations for the series "S" alternatives were initiated at the
confluence of the river and the Squaw Island diversion channel site and con-
tinued upstream through the Black Rock Canal to the Buffalo gauge at Lake
Erie.

Because plans of regulation were selected subsequent to study
commencement, a range of hydraulic conditions which would likely encompass
those of the selected plans were simulated and used for design purposes.
Because the sizes and locations of control structures and the extent of chan-
nel enlargements are interrelated, optimization studies were carried out to
determine the minimum cost of all regulatory works. The design and cost
estimates for all regulatory works alternatives, under study, are presented
in succeeding paragraphs.

2.5 Design and Cost Estimates

Common design criteria were used throughout the design process in order
that a valid comparison of costs could be made between the various alter-
natives under study. All depths and heights given in this appendix are
referred to Low Water Datum; all elevations aire referred to the International
Great Lakes Datum (IGLD). Low Water Datum of Lake Erie is 568.6 feet above
mean water level at Father Point, Quebec, IGLD (1955) datum. The following
paragraphs, unless otherwise noted, are generalized for all alternatives in
light of the common design criteria utilized.

2.5.1 Topographic and Geotechnical Characteristics

The series "N" alternatives would be situated on the natural rock
ledge which provides virtually full hydraulic control of the Niagara River
discharge. The control structure for alternative N3 would be located
approximately 300 feet downstream of the Peace Bridge at a section where the
river's width is approximately 1,650 feet. Channel excavation would extend
from 1,000 feet upstream from the Peace Bridge to a distance up to 2,400 feet
downstream from the bridge. The area Is bounded on the west by the Canadian
shoreline and on the east by the United States shoreline (Bird Island Pier).
Very little overburden is evident in this shallow reach of the river. Rock
outcrop~pings are in evidence along the Bird Island Pier under low water
conditions. The required control structure would be founded on bedrock.
Channel excavation along the U. S. shoreline would require removal of pri-
marily sound, durable bedrock.
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The series "S" alternatives would be situated on either end of Squaw
Island. Alternatives Si and S2 would be located within the downstream third
of the island in an area that has been used as a disposal site for many
years. Large volumes of ash from a municipal incinerator and other debris
have been deposited in this area and contained by a rubblemound dike
constructed along the Niagara River side of the island. Both alternatives
would require the construction of a diversion channel across Squaw Island.
After stripping unsuitable material, select channel excavation material would
be used to construct low earth dikes along the channel banks as required.
Channel excavation up to 23 feet below LWD is assumed to be well within
existing overburden. Alternative S3 would be located within the Bird Island
Pier at the extreme upstream end of Squaw Island. A section of the existing
pier would be removed to accomm~odate construction of the proposed control
structure. No channel excavation is anticipated for alternative S3. The
control structures for all series "S" alternatives would be founded on
bedrock.

The series "'L" alternatives would be located at the upstream end of the
Black Rock Lock, adjacent to the existing guard gate. Sections of the
existing guidewalls, on either side of the canal, would be removed to accom-
modate construction of the sector gates. The sector gate sill would be
founded on bedrock at the same elevation as the adjacent lock structure. The
required gate chambers would extend into the backfill on both sides.

The assumed top of rock in the vicinity of each alternative structure is
based upon limited geotechnical information available from existing and/or
previously studied projects in the immnediate area. The bedrock underlying
the overall study area is considered competent throughout as a medium on
which structures can be built. The bedrock is generally characterized by one
or more layers of dolomite, limestone, shale, gypsum anhydrite, and comn-
binations thereof.

2.5.2 Hydraulic Design

Pursuant to the basic assumptions outlined in Section 2.4.1, uniform
hydraulic conditions for Lake Erie were adopted in order to permit the
hydrologic comparison of various regulation plans on a consistent basis.
To present a range of hydraulic conditions that might result from limited
regulation, for each alternative under consideration, Lake Erie outflows of
200,000 cfs, 248,000 cfs, and 265,000 cfs were supplemented with design flow
increases of approximately 8,000 cfs, 20,000 cfs, and 30,000 cfs. For alter-
natives involving the Black Rock Canal, net increases in Lake Erie outflow
would be somewhat less than design flow increases, due to the backwater
effect in the main river channel. In addition, the maximum design capacity
of series "L" and "S" alternatives would be limited by the existing dimen-
sions of the Black Rock Lock chamber and/or the dimensions of the canal. The
discharge capacity of each alternative was determined by backwater com-
putations performed in accordance with the methodology discussed in
Section 2.4.5. The effective discharge capacity of each study alternative is
shown on Table B-i. The capacity shown for alternative N3 (six gates) was
determined by rounding a straight line proportion between similar five and
seven gate alternatives.
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Table B-i - Niagara River Area Regulatory Works
Discharge Capacities

Increased Discharge (cfs) at Lake
Erie Design Discharge of

Alternative 200,000 cfs : 248,000 cfs 265,000 cfs

SI-30 4,250 5,310 4,940
(6,800) (8,500) (7,900)

S1-75 9,560 11,810 11,940
(15,300) (18,900) (19,100)

SI-110 12,000 14,750 15,440
(19,200) (23,000) (24,700)

S2-30 4,250 5,250 5,000
(6,800) (8,400) (8,000)

S2-75 9,620 11,560 11,940
(15,400) (18,500) (19,100)

S2-110 12,000 14,620 15,310
(19,200) (23,400) (24,500)

S3-90 (1 gate) 3,870 5,000 5,000
(6,200) (8,000) (8,000)

S3-90 (2 gates) 7,120 8,250 8,870
(11,400) (13,200) (14,200)

S3-90 (3 gates) 9,560 11,620 12,060
(15,300) (18,600) (19,300)

11-30' Open 3,680 4,390 4,340
(6,800) (8,100) (8,000)

LI-70' Open 8,670 10,460 10,840
(16,000) (19,300) (20,000)

N3-75 (3 gates) 8,600 11,000 10,500
(8,600) (11,000) (10,500)

N3-75 (5 gateq) 20,700 25,000 26,300
(20,700) (25,000) (26,300)

N3-75 (6 gates) 25,000 30,000 31,500
(25,000) (30,000) (31,500)

N3-75 (7 gates) 28,600 34,500 36,500
(28,600) : 14,500) (36,500)

4,250 Numbers without brackets indicate net increased discharges after
applying average annual efficiency factors based on Black Rock
Canal proposed operating procedures.

(6,800) Numbers with brackets indicate maximum net increased discharges that
would be possible without Black Rock Canal operating constraints.
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2.5.3 Control Gates

The following general considerations were taken into account in
selecting the type of control gate for each study alternative:

1. The gate must be capable of passing large amounts of ice and/or
debris ;1

2. The normal operating head should range up to 5 feet;

3. At times, under storm surge conditions, a 15-foot increase in
operating head could be accommodated;

4. Swift and efficient gate operation must be possible to satisfy
emergency situations; and

5. The gate selected for the series "L" alternative must be capable of
passing commercial vessels with drafts up to 21 feet.

Based upon these criteria, submersible tainter gates were sel ected for the
series "N" and "S" alternatives and sector gates were chosen for the series
"L" alternatives.

Due to the lower head conditions that would exist at the series "N"
control works, multiple tainter gates would be required to accommodate the
range of hydraulic conditions, under study. Each series "N" gate would be
75 feet wide and 40 feet high. For the same reason, alternative S3 would
require up to three tainter gates, 90 feet wide by 23 feet high. A single
tainter gate, 34 feet high and varying in width between 30 feet and 110 feet,
would satisfy alternatives Si and S2 conditions.

Although submersible tainter gates have proven effective in passing ice
and debris, the use of other types of gates, such as radial submersible sec-
tor gates, was not ruled out. Submersible tainter gates were selected to
determine representative gate costs for preliminary design purposes. The
operational and economic feasibility of other types of gates would require
investigation during detailed advanced engineering design and hydraulic model
testing. This would be particularly important in view of the severe ice run
conditions from Lake Erie.

Sector gates were selected for the series "L" alternatives to permit
continued usage of the Black Rock Lock as a navigation facility. This type
of gate has been used in navigation locks throughout the United States and
Canada. The 70-foot wide by 33-foot high sector gates would satisfy opera-
tional and hydraulic requirements of limited regulation of Lake Erie.

2.5.4 Structural Design

Preliminary designs were prepared for control structures necessary to
accommodate the two different types of gates selected in Section 2.5.3.
The designs were based on structures proposed in previous regulation studies
and/or a literature survey of existing practice. Although stability analyses
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of the structures were not carried out, conservative dimensions were selected
for each structural component. All control structures would be founded on
bedrock. The following paragraphs describe the improvements that would be
required.

The control structure for the series "N" alternatives would be a series
of 15-foot wide reinforced concrete pier buttresses supporting the tainter
gates and extending to the bottom of the gate sill. The number of 75-foot
wide gate bays and overall structure width are dependent upon the require-
ments of the regulation plan under study. A minimum 20-foot deep sill block
of concrete would be provided for the base of the structure to assure an ade-
quate safety factor against overturning. In addition to the control
structure, other appurtenant series "N" construction would include:

1. Raising and widening the existing Bird Island Pier between Squaw
Island and the control structure to provide a roadway for truck access during
construction and for future operation and maintenance;

2. A rock-filled work area in the river to connect the control struc-
ture with the improved Bird Island Pier;

3. A 25-foot by 25-foot masonry operations building located adjacent to
the control structure; and

4. Temporary cellular steel sheet pile cofferdams in the river to faci-
litate subsequent construction of the control structure in-the-dry.

The control structures for the three series "S" alternatives would be
similar to the series "N" structure. Due to less severe design criteria and
smaller gate sizes, the width of each pier buttress and the minimum thickness
of the sill blocks were reduced to 10 feet and 8 feet, respectively. The
number of gate bays, gate width, and overall structure width are dependent
on both the alternative and the regulation plan under study. Alternatives
S1 and S2 would require either a 30-foot, 75-foot, or 110-foot tainter gate,
whereas alternative S3 would utilize from one to three 90-foot gates to
satisfy similar regulation plans. A footbridge would be constructed over the
alternative S2 gate bay to permit maintenance access from the Black Rock Lock
side. A similar enclosed footbridge would be provided over the alternative
S3 gate bays to allow public access to the Bird Island Pier for recreational
fishing. In addition to the control structure, other appurtenant series "S"
construction vould include:

1. A rock-filled work area in the river to connect the alternative S3
control structure with Squaw Island;

2. A 25-foot by 25-foot masonry operations building located adjacent to
the alternative S3 control structure;

3. Temporary cellular steel sheet pile cofferdams to facilitate sub-
sequent construction of the control structures in-the-dry;

4. A highway bridge across the alternative SI diversion channel to
permit public access to the northern portion of Squaw Island;
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5. An open cellular steel sheet pile guardwall with connecting
footbridges across the entrance to the proposed alternative S2 diversion
channel;

6. A temporary ice boom across the Black Rock Canal at the upstream
end of Bird Island Pier to restrict the passage of large ice floes into the
canal during any series "S" diversion flow;

7. ~ Fixed log booms across the upstream end of the alternatives Si and
Sdiversion channels to control floating debris and small-boat access to the

control structure; and,

8. Installation of movable log booms across the Black Rock Canal
upstream and downstream of the alternative S3 structure for the same purpose.
The movable log booms would close the canal only during periods of diversion
flow when the canal would be unsafe for navigation.

The control structure for the series 'T" alternatives would be a pair of
reinforced concrete gate chambers supporting the sector gates and extending
to the top of the gate sill. The gate chambers would replace sections of
the existing guidewalls. A 24-foot thick sill block of concrete would be
provided for the base of the structure to assure an edequate safety factor
against flotation. A stoplog system would enable dewatering of the gate bay
and chambers for repairs and maintenance. Other appurtenant series '"
construction would include:

1. Temporary cellular steel sheet pile cofferdams around the landward
sides of the proposed gate chambers to permit construction in-the-dry;

2. A reusable floating closure structure across the Black Rock Canal to
permit quick dewaterings for two "time restricted" construction seasons; and,

3. Installation of a temporary ice boom and movable log boomi across the
Black Rock Canal similar to those proposed for alternative S3 above.

2.5.5 Channel Enlargement

* As indicated in Section 2.4.5, the determination of the nature and
extent of channel enlargement and/or modifications was carried out using
mathematical models of the Niagara River and Black Rock Canal. Basically,
there are three alternatives that require either channel enlargement or
modifications, namely alternatives N3, S1, and S2. The following paragraphs

* summarize the necessary alterations.

Channel enlargement for alternative N3 would be required in the Niagara
River above and below the Peace Bridge where a natural rock ledge controls
the existing river discharge. The length and width of the areas requiring
excavation are dependent on the regulation plan under study. Rock
excavation, up to 17 feet in depth, would start approximately 1,000 feet
upstream of the Peace Bridge for all plans and extend downstream from the

* bridge between 2,300 feet and 2,370 feet. The bottom width of the excavation
would vary from 325 feet to 815 feet. Drilling and blasting would be
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required to accomplish the excavation of approximately 400,000 cubic yards to
1,300,000 cubic yards of rock. This material is assumed to be environmen-
tally clean and would be disposed of in a suitable open-lake disposal site.

Alternative Si would require construction of a diversion channel
skewed across Squaw Island immnediately north o', the existing International
Railroad bridge. The alternative channel would bypass the Black Rock Lock
and permit Lake Erie discharge via the Black Rock Canal. The length and
width of the new channel would be dependent on the regulation plan under
study. Earth excavation up to 29 feet in depth would start at the canal,
approximately 350 feet downstream of the International Bridge, and extend
across the island between 1,200 feet and 1,500 feet in length. The bottom
width of the excavation would vary from 30 feet to 180 feet. Earth levees,
upstream and downstream of the control structure, would provide protection
against overtopping during extreme high levels. The quantity of earth exca-
vation would range from approximately 100,000 cubic yards to 300,000 cubic
yards. Part of the material would be used for levee construction and the
renmainder would be disposed of in the adjacent City of Buffalo disposal area.
Removal of up to 800 feet of an existing steel sheet pile wall along the
Black Rock Canal and up to 450 feet of an existing stone dike along the
Niagara River would be required to complete the diversion channel.

Alternative S2 would require construction of a diversion channel across
Squaw Island parallel with and inmmediately adjacent to the existing Black
Rock Lock. This channel would function similarly to the alternative S1
channel. The length and width of this channel would be dependent on the
regulation plan under study. Earth excavation, up to 25 feet in depth, would
begin at the Black Rock Canal, approximately 900 feet downstream of the
International Railroad bridge, and extend 1,600 feet along the east side of
the island. The bottom width of the excavation would vary from 50 feet to
250 feet. Earth and rock levees, upstream and downstream of the control
structure, would provide adequate freeboard along the east side of the
island. The quantity of channel excavation would range from approximately
100,000 cubic yards to 350,000 cubic yards. Part of the material would be
used for earth levee construction, and the remainder would be disposed of in
the adjacent City of Buffalo disposal area. Removal of up to 80 feet of an
existing steel sheet pile wall and 320 feet of an existing concrete-capped
timber crib guide wall, both along the Black Rock Canal, and up to 380 feet
of an existing stone dike along the Niagara River would be required to
complete the diversion channel.

2.5.6 Bank Protection

Bank protection along critical velocity reaches of the existing Black
Rock Canal and the Squaw Island diversion channel would be required with any
series "S" or "L" alternative that provides a mid- to high-range increase in
Lake Erie outflow. The determination of the extent of bank protection was
based on an onsite evaluation of the canal banks and velocity profiles of
both the canal and diversion channel as generated by the mathematical model
of the Black Rock Canal discussed in Section 2.4.5.
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Based on the type and/or condition of existing structures and natural
sideslopes, Alternatives Si and S2 would require bank protection along the
existing canal from 2,500 feet upstream of the Peace Bridge to the Black Rock
Lock and along the proposed diversion channels. The locations and amount of
required bank protection are dependent on the regulation plan under study.
Between 500 feet and 4,850 feet of 18-inch riprap protection would be pro-
vided along the earthen canal banks with either alternative. Up to 1,920
feet and 1,050 feet of additional 24-Inch riprap protection would be provided
along the diversion channel sideslopes for Alternatives S1 and S2,
respectively. Between 1,050 feet and 6,850 feet of steel sheet pile
bulkheads would be constructed around bridge abutments and along the right
(east) bank of the canal adjacent to the thruway under Alternative S1.
Likewise, between 400 feet and 6,850 feet of steel bulkheads would be
constructed for Alternative S2. Under Alternative S2, up to 1,250 feet of
36-Inch riprap toe protection would be placed on the canal bottom along the
steel sheet pile and timber pile bulkheads downstream of the International
Railroad bridge.

Alternative S3 would require bank protection along the existing canal
from 2,500 feet upstream of the Peace Bridge to Squaw Island. The locations
and quantity of protection are once again dependent on the regulation plan
under study. Up to 1,000 feet of 18-Inch riprap protection would be provided
along the earthen right bank of the canal upstream of the Peace Bridge.
Between 300 feet and 800 feet of heavy armor stone would be placed on the
left (west) bank of the canal, around the control structure, and along the
Bird Island Pier downstream of the Peace Bridge. Between 400 feet and 3,000
feet of steel sheet pile bulkheads would be constructed along the right bank
of the canal upstream and downstream of the Peace Bridge.

Alternative Li would require bank protection along the existing canal
from 2,500 feet upstream of the Peace Bridge to the Black Rock Lock. The
locations and extent of protection vary with the regulation plan under study.
Between 500 feet and 2,650 feet of 18-inch riprap protection would be pro-
vided along the earthen canal banks upstream and downstream of the Peace
Bridge. Up to 1,100 feet of 36-inch riprap toe protection would be placed on
the canal bottom along the bulkheads and lock guldewal ls downstream of the
International Railroad bridge. Up to 1,050 feet of steel sheet pile
bul kheads would be constructed around the abutments of the International
bridge and along the Ferry Street bridge right abutment.

2.5.7 Shore Protection Works

The extra discharge capacity provided by the series "L," O5," and "N"
alternatives would not be used if water supply conditions to Lake Erie were
at or below normal. However, in the case of the series "N" alternative, clo-
sure of the gates would produce river levels higher than preproject from the
control structure to a point somewhat downstream from the lake's outlet.
Therefore, during storm surge conditions at the eastern end of Lake Erie the
accompanying temporary water level rises would be a matter of concern. A
lake outflow of 295,000 cfs with gates closed would raise the water level
about 3 feet immedilately upstream from the control structure. To mitigate
the adverse impact of this rise on the Canadian shoreline, the existing stone
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masonry wall which extends from about 7,700 feet upstream to about 800 feet
downstream from the Peace Bridge would have to be raised from 1 to 3 feet and
backfilled with an earth berm. No additional protection would be needed on
the United States shoreline.

In the event of storm surges which produce Niagara River flows substan-
tially in excess of 295,000 cfs, flooding has occurred and will continue to
occur in specific areas upstream from Niagara Falls in both countries. In
such instances, regardless of supply conditions to Lake Erie, the control
structure gates would be closed only enough to compensate for the &,ditional
outflow made possible by the project dredging.

2.5.8 Cost Estimates

Cost estimates for the study alternatives were based on
unit costs used on similar U.S. Army Corps of Engineers projects and
expressed in July 1979 price levels. Corresponding costs for each project
feature were developed for the discharge capacities required to fulfill the
various regulation plans under study. Major features include the following:

1. Control structures either in the Niagara River, on Squaw Island, or
on Bird Island pier;

2. Black Rock Lock modifications;

3. Niagara River deepening;

4. Squaw Island diversion channels;

5. Black Rock Canal bank protection; and,

6. Shore protection along the Canadian shoreline of the upper Niagara
River.

These costs were added together and escalated by a 25 percent con-
tingency allowance to obtain the total direct costs. Indirect costs, which
include allowances for detailed investigations, foundation explorations,
engineering designs, and construction supervision and administration, were
estimated at 15 percent of the total direct costs and added to obtain the
total estimated construction costs. An engineering appraisal of real estate
costs, including lands and damages, was prepared and added to the total
construction costs, where applicable, to obtain the total estimated first
costs shown on Table B-2. Land costs were based on the assessed value of the
required lands as recorded by the City of Buffalo and adjusted by the current
New York State equalization factor of 42.69 percent to obtain the fair market
value. Alternatives S1 and S2 would require acquisition of up to 14 acres of
an existing City of Buffalo disposal area located at the northern end of
Squaw Island. Damages due to the project were assessed to compensate the
City of Buffalo for the additional costs that would be incurred to dispose of
a volume of material equal to the disposal area volume lost during the
remaining 10-year life of the affected area.
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Table 8-2 - Niagara River Area Regulatory WorksDischarge CApacities and Cost Estimates

Increased : Cost Estimatesi? in Millions of Uollars
:Di scharge Capac ItiesiV:

Alternative Cubic Feet Per Second First Costs Average Annual Costs Present Worti

SI-30 4,250 (6,8U0) 511.62 : 1.22 $ 14.05

SI-75 : 9,560 (15,300) 18.57 : 1.90 : 21.93

Sl-110 12,000 (19,200) : 28.38 : 2.86 33.02

SZ-30 4,250 (6.80) 11.16 : 1.17 : 13.47

$2-75 : 9,620 (15,400) 19.63 1.95 22.62

S2-110 12,0U0 (19,200) 32.02 3.17 36.67

S3-90 (1 gate) : 3,870 (6,20) 10.24 1.16 13.36

S3-90 (2 gates) 7,120 (11,400) 17.17 1.87 21.58

53-90 (3 gates) 9,56U (15,300) : 26.08 : 2.78 32.14

L1-30' Open : 3,6b0 (6,800) 10.31 1.19 13.du

LI-70' Open 8,67U (16,00U) 13.12 1.49 17.Z4

NJ-75 (3 gates) : 8,600 (8,600) 56.51 5.97 : b9.01

N3-7* (b gates) 20,700 (20,700) 93.83 9.81 : 113.38

N3-75 (6 gates) : 25,000 (25,000) 111.39 11.61 : 134.25

N3-75 (7 gates) 28,600 (28.600) 129.55 13.49 155. 0

Notes:

1/ Discharge capacities are shown for a Lake Erie design discharge of 20U.000 cubic feet per second.
lorresponding capacities for design discharges of 248,000 and 265,000 cubic feet per second
are shown on Table B-1.

2/ 4,2b - Numbers without brackets Indicate net increased discharges after applying average annual
efficiency factors based on bIlack Rock Canal proposed operating procedures.

(b,U) - Numbers with brackets indicate maximum net Increased discharges that would be possible without
Black Rock Canal operating constraints.

I/ Cost estimates are based on July 1979 price levels, a bO-year economic project life ad an 8-1/2 percent
interest rate. They Include construction costs, land costs, and damages.
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IFirxnt Cost Op)timization: Reviewing the discharge capacities and cost
estimates shown on Tables B-i and B-2, respectively, indicates the following
conclusions. Alternative N3 is the only alternative offering a net increase
in Lake Erie outflow in excess of 16,000 cfs at a cost ranging between $93
and $130 million. Alternatives Si and S2 are very close in discharge capaci-
ties and total costs, ranging between $11 and $32 million. Alternative S3,
ranging between $10 and $26, appears favorable for net increases below 5,000
cfs. Alternative Li appears favorable for net increases up to 9,000 cfs
maximum with total costs ranging between $10 and $13 million. A composite
discharge capacity curve, Figure B-li, shows an array of optimum alternatives
and their possible net increases in Lake Erie outflow for the range of Lake
Erie design discharges under consideration. A composite cost curve, Figure
B-12, shows the optimum first costs for three Lake Erie design discharges and
a range of net increases in Lake Erie outflow.

Annual Costs: Annual costs, comprised of financial costs and operation
and maintenance costs, are summarized in Table B-3 for each of the study
alternatives. The total average annual costs are also tabulated in Table 8-2
along with increased discharge capacities for ready comparison. The
following paragraphs discuss these annual costs in further detail.

Annual financial costs were estimated based on an interest rate of 8-1/2
percent, an economic project life assumed as 50 years, and a construction
period assumed as three years for Alternatives Si, S2, and S3, and four years
for Alternatives Li and N3. Interest during construction was computed at a
rate of 8-1/2 percent for half the construction period and added to the pro-
Ject first costs to determine the total investment cost. Damages associated
with real estate acquisition for Alternatives Si and S2 were distributed in
10 equal payments over the assumed 10-year life of the affected Squaw Island
disposal area. The resultant annual damages were converted to net present
worth and substituted for the total damages previously included in the first
costs shown in Table 8-2. Financial cost calculations for Alternatives Si
and S2 were based on these revised and reduced first costs. Interest charges
computed at 8-1/2 percent were added to the amortization costs for the
assumed 50-year economic project life to determine the total annual financial
costs, sunmmarized in Table B-3.

Annual operation costs were estimated based on a four-man operating
staff. Annual maintenance costs were estimated based on a percentage of
first costs excluding real estate costs (lands and damages) and rock excava-
tion (Alternative N3 only). This assumes that the deepened channel in the
Niagara River, required for Alternative N3, will be self-maintaining due to
anticipated high velocities. Provision of a 0.3 percent factor is considered
adequate for the conditions and magnitude of Alternative N3. Provision of a
0.5 percent factor for Alternatives Si, S2, S3, and Li was based on indeter-
minate conditions along the Black Rock Canal and the significantly lower
magnitude cost of these alternatives. The reduced first costs were
multiplied by the applicable maintenance percentage factor to determine the
total annual maintenance costs, summarized in Table B-3.
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Table B-3 -Ni agara Ri ver Area Regulatory Works
Summiary of Annual Costs

Annua TCot (millions ofDollars
Alternative Financial Operation Maintenance Total

Sl-30 1.06 0.11 0.05 1.22

SI-75 1.71 0.11 0.08 1.90

Si-lb0 2.63 0.11 0.12 2.86

S2-30 1.01 0.11 0.05 1.17

S2-75 1.76 0.11 0.08 1.95

S2-110 2.93 0.11 0.13 3.17

S3-90 (1 gate) 1.00 0.11 0.05 1.16

S3-90 (2 gates) 1.67 0.11 0.09 1.87

S3-90 (3 gates) 2.54 0.11 0.13 2.78

LI-30 Feet Open 1.04 0.10 0.05 1.19

L1-70 Feet Open 1.33 0.10 0.06 1.49

N3-75 (3 gates) 5.72 0.14 0.11 5.97

N3-75 (5 gates) 9.50 0.14 0.17 9.81

N3-75 (6 gates) 11.27 : 0.14 0.20 11.61

N3-75 (7 gates) 13.12 0.14 0.23 13.49
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P'reseint Worth: Estimates of present worth for each of the study alter-
natives are tabulated in Table B-2. Present worth was calculated based on a
50-year economic project life and the investment costs discussed above under
annual financial costs. The net present worth of the annual operation and
maintenance costs was added to the investment cost to determine the total
present worth of each alternative.

2.6 Regulatory Works Alternatives

As stated in Section 2.3, preliminary studies were undertaken for five
out of seven possible structural alternatives. The following is a summnary of
the regulatory works and remedial measures that would be required to imple-
ment each of these five alternatives. Discharge capacities of each alter-
native are listed for the critical Lake Erie design discharge of 200,000
cubic feet per second.

2.6.1 Alternative N3

Alternative N3 would require construction of a multi-gated control
structure in the Niagara River and dredging within the river in the vicinity
of the Peace Bridge. In addition, shore protection along the Canadian shore-
line would be required at critical locations upstream of the control struc-
ture to mitigate adverse impacts due to increased water surface elevations
which could occur in this area during storm surges (see Section 2.5.7). Four
variations of structure size and dredging limits were studied to develop a
discharge capacity versus first cost curve to accommodate a range of regula-
tion plans.

The control structure would be located adjacent to the Bird Island pier
and approximately 300 feet downstream from the existing Peace Bridge. The
structure would extend between 400 feet and 750 feet into the river and would
contain three to seven remote-controlled submersible tainter gates, 75 feet
wide by 40 feet high. The entire structure would be equipped for year-round
operation. Construction of the structure would require extensive cofferdams
and would be hampered by the lack of adequate land access. The Peace Bridge
area of the river provides substantial natural regulation due to its existing
restricted dimensions. Extensive compensatory dredging, adjacent to the Bird
Island pier, would extend from 1,000 feet upstream of the Peace Bridge to
between 2,300 feet and 2,370 feet downstream and would vary in width from 325
feet to 875 feet. Dredging would involve principally rock excavation, up to
17 feet in depth. The existing shore protection along the Canadian shoreline
would be raised from 1 to 3 feet for a distance of 8,000 feet upstream from
the proposed control structure. Descriptive plans of the four alternative N3
variations and a longitudinal section through the control structure are shown
on Figures B-13 through 8-17, respectively.

Although location of the N3 control structure on the Fort Erie side of
the river could satisfy hydraulic requirements of limited regulation of Lake
Erie, the structure was located on the U.S. shore adjacent to the Bird Island

B -35



a

CL)

4-6FGRS1



II

w In

wz,

94. -jz -'Iat

FIGUR 914



CLC

InK

...........

-- I
IZ4

cr.
Ot~

S 38 FIGURE S-15



.IOU

, N-,-

INI
* ~ - D

--.

- ~. . .

CDt W

8-39 FIGURE Woo*



0 2

CL.

I.-4

-Q-

ow.
LL- Z 0

*K w

z

* * w

8-40 FIGURE 0-1?



Pier in a somewhat arbitrary manner. However, the following rationale had a
bearing on this location:

1. A control structure on the Fort Erie side of the river is considered
to be environmentally less desirable due to the resultant disturbance of the
fishery along the Canadian shore and the Niagara Parks Commiission lands; and

2. Physical operatioti and maintenance of the control structure on the
United States shore would be assisted by its close proximity to existing
Corps of Engineers facilities at the Black Rock Lock and the sharing of per-
sonnel and equipment.

The increased discharge capacity of Alternative N3 varies from 8,600
cubic feet per second for a three gate structure to 28,600 cubic feet per
second for a seven gate structure. The first costs of the studied control
structure, compensatory dredging, and appurtenant works would range from
approximately $56.5 to $129.6 million. A discharge capacity versus
first cost curve for Alternative N3 is shown on Figure B-1B for a Lake Erie
design discharge of 200,000 cubic feet per second. Corresponding annual
costs, after adjustments for finance, operation, and maintenance costs, are
estimated to range from $6.0 to $13.5 million. Figure B-19 shows a
first cost versus annual cost curve for Alternative N3. Discharge capacities
and a cost summary, including first costs, annual costs, and present worth,
are shown on Table B-2.

2.6.2 Alternative S1

Alternative S1 would require construction of a control structure and
diversion channel across the downstream end of Squaw Island along a pre-
viously selected alignment. In addition, bank protection would be required
at critical locations along the Black Rock Canal and the diversion channel,
as necessary. Three different sizes of control structures and diversion
channels were studied to develop a discharge capacity versus first cost curve
for a range of regulation plans.

The control structure would be located within the diversion channel and
about 1,000 feet from the Black Rock Canal. The structure would contain a
remote-controlled submersible tainter gate, 34 feet high by either 30 feet,
75 feet, or 110 feet wide. The entire structure would be equipped for year-
round operation. A diversion channel varying in width from 30 feet to 180
feet would extend across Squaw Island between 1,200 feet and 1,500 feet. The
length and width of the channel along with the control gate size would vary
to accommodate different regulation plans. Channel excavation, principally
earth, would extend up to 29 feet in depth. The 1 on 2.5 side-slopes,
upstream and downstream of the control structure, would be protected with
riprap bank protection at critical locations to prevent erosion. Earth
levees, with a top width of 10 feet and 1 on 2.5 sideslopes, would be
constructed on either side of the diversion channel to provide adequate
freeboard. Bank protection along the Black Rock Canal would be provided
around bridge abutments and other high velocity restricted reaches dependent
upon the stability of the existing sideslopes and/or structures. A traffic
control system would be provided at the upstream entrance to the canal to
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warn vessels that the canal may become dangerous during the operation of the
control structure. A highway bridge would be constructed across the diver-
sion channel to maintain public access to the downstream end of the island.
Descriptive plans of the three Alternative Si variations, a longitudinal sec-
tion through the control structure and cross sections of the diversion
channel, are shown on Figures B-20 through B-24, respectively.

The maximum increased discharge capacity of Alternative S1 without Black
Rock Canal operating constraints varies from 6,800 cubic feet per second for
a 30-foot gate structure to 19,200 cubic feet per second for a 110-foot gate
structure. Utilization of the canal for diversion flows would require capa-
city reductions based on the operating plan shown on Figure B-9. The
corresponding reduced capacities for Alternative S1 would vary from 4,250
to 12,000 cubic feet per second. The first costs of the control structure,
diversion channel, and appurtenant works would range from approximately $11.6
to $28.4 million. A discharge capacity versus first cost curve for
Alternative S1 is shown on Figure B-25 for a Lake Erie design discharge of
200,000 cubic feet per second. Corresponding annual costs, after adjustments
for finance, operation, and maintenance costs, are estimated to range from
$1.2 to $2.9 million. Figure B-26 shows a first cost versus annual cost
curve for Alternative S1. Discharge capacities and a cost summnary, including
first costs, annual costs, and present worth, are shown on Table B-2.

2.6.3 Alternative 52

Alternative S2 would require construction of a control structure and
diversion channel across the downstream end of Squaw Island along an align-
ment parallel and adjacent to the existing Black Rock Lock. In addition,
bank protection would be required at critical locations along the Black Rock
Canal, as necessary. A discharge capacity versus first cost curve was devel-
oped for a range of regulation plans based on three variations of control
structure and diversion channel size.

The control structure would be located within the diversion channel and
adjacent to the downstream lock miter gates. The structure would contain a
remote-controlled submersible tainter gate, 34 feet high by either 30 feet,
75 feet, or 110 feet wide. The entire structure would be equipped for year-
round operation. A diversion channel varying in width from 50 feet to 250
feet would extend along the existing lock approximately 1,600 feet. The
length and width of the channel along with the control gate size would vary
to accommnodate different regulation plans. Channel excavation, principally
earth, would extend uip to 25 feet in depth. The 1 on 2.5 sideslope, upstream
of the control structure, would be protected with riprap bank protection to
prevent erosion. An earth levee, with a top width of 10 feet and 1 on 2.5
sideslopes, would be constructed along the east side of the island upstream
of the control structure to provide adequate freeboard. Downstream of the
structures a rock levee would be constructed with a top width of 10 feet, a 1
on 1.5 landward sideslope, and a 1 on 2 channel sideslope. Bank protection
along the Black Rock Canal and a traffic control system would be provided
similar to the Alternative S1 facilities. Descriptive plans of the three
Alternative S2 variations, a longitudinal section through the control struc-
ture and cross sections of the diversion channel, are shown on Figures B-27
through B-31, respectively.
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The maximum increased discharge capacity of Alternative S2 without Black
Rock Canal operating constraints varies from 6,800 cubic feet per second for
a 30-foot gate structure to 19,200 cubic feet per second for a 110-foot gate
structure. Capacity reductions, similar to Alternative Si, would be required
and based on the operating plan shown on Figure B-9. The corresponding
reduced capacities for Alternative S2 would vary from 4,250 to 12,000 cubic
feet per second. The first costs of the control structure, diversion
channel, and appurtenant works would range from approximately $11.2 to $32.0
million. A discharge capacity versus first cost curve for Alternative S2 is
shown on Figure B-32 for a Lake Erie design discharge of 200,000 cubic feet
per second. Corresponding annual costs, after adjustments for finance,
operation, and maintenance costs, are estimated to range from $1.2 to $3.2
million. Figure 8-33 shows a first cost versus annual cost curve for
Alternative S2. Discharge capacities and a cost summnary, including first
costs, annual costs, and present worth, are shown in Table B-2.

2.6.4 Alternative S3

Alternative S3 would require construction of a control structure at the
upstream end of Squaw Island along the alignment of the Bird Island Pier. In
addition, bank protection would be required at critical locations along the
Black Rock Canal, as necessary. A discharge capacity versus first cost curve
was developed for a range of regulation plans based on three variations of
control structure size.

The control structure would replace a section of the existing Bird
Island Pier immnediately adjacent to the upstream end of Squaw Island. The
structure would contain one to three remote-controlled submersible tainter
gates, 23 feet high by 90 feet wide. The entire structure would be equipped
for year-round operation. The number of control gates would vary to accom-
modate different regulation plans. Construction of the structure would
require extensive cofferdams to be located in both the Black Rock Canal and
the Niagara River. An enclosed foot bridge would be provided at the control
structure to maintain public access to the Bird Island Pier. Bank protection
along the Black Rock Canal would be provided upstream of the control struc-
ture in high velocity reaches dependent upon the stability of the existing
sideslopes and/or structures. A traffic control system for commnercial navi-
gation would be provided similar to the Alternative S1 facilities. In
addition, movable floating log booms would be utilized in the canal to pre-
vent recreational navigation from entering dangerous waters around the
control structure during periods of diversion flows. Descriptive plans of
the three Alternative S3 variations and a longitudinal section through the
control structure are shown on Figures 8-34 through B-37, respectively.

The maximum increased discharge capacity of Alternative S3 without Black
Rock Canal operating constraints varies from 6,200 cubic feet per second for
a one-gate structure to 15,300 cubic feet per second for a three-gate
structure. Capacity reductions, similar to Alternative Si, would be required
and based on the operating plan shown on Figure 8-9. The corresponding
reduced capacities for Alternative S3 would vary from 3,870 to 9,560 cubic
feet per second. The first cost of the control structure and appurtenant

works would range from approximately $10.2 to $26.1 million. A discharge
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capacity versus first cost curve for Alternative S3 is shown on Figure 8-38
for a Lake Erie design discharge of 200,000 cubic feet per second.
Corresponding annual costs, after adjustments for finance, operation and
maintenance costs, are estimated to range from $1.2 to $2.8 million. Figure
B-39 shows a fi rst cost versus annual cost curve for Alternative S3.
Discharge capacities and a cost summary, including first costs, annual costs,
and present worth are shown in Table B-2.

2.6.5 Alternative Li

Alternative Li would require modification of the existing Black Rock
Lock by the addition of a control structure, consisting of a pair of sector
gates. In addition, bank protection would be required at critical locations
along the Black Rock Canal, as necessary. Since dimensional modification of
the lock chamber is not permissible, the maximum discharge capacity of this
alternative is limited. Two variations of gate operation were studied to
develop a discharge capacity versus first cost curve to accommnodate a range
of regulation plans.

A control structure, consisting of a pair of hydraulically operated sec-
tor gates, would be constructed in the upstream approach channel adjacent to
the existing upper-guard gate. -In a closed position, the 33-foot sector
gates would span the 70-foot wide lock chamber. They would rotate horizon-
tally into recesses to provide varying discharge capacities wh'en the lock was
out of operation. During periods set aside for navigation, the sector gates
would recess flush into the chamber walls. The open width of the sector
gates would vary to acconmmodate different regulation plans. The entire
structure would be equipped for year-round operation. Bank protection along
the Black Rock Canal and a traffic control system would be provided similar
to the Alternative S1 facilities. A prefabricated and reusable cofferdam
system would be utilized across the Black Rock Canal to permit staged
construction over several winters in order to acconmmodate regular summer
navigation. A descriptive plan of the required lock modifications and a
transverse section through the control structure are shown on Figures B-40
and 8-41.

The maximum increased discharge capacity of Alternative Li without Black
Rock Canal operating constraints varies from 6,800 cubic feet per second for
a 30-foot open gate to 16,000 cubic feet per second for a 70-foot open gate.
Capacity reductions, similar to Alternative S1, would be required and based
on the operating plan shown on Figure 8-10. The corresponding reduced capac-
ities for Alternative Li would vary from 3,680 to 8,670 cubic feet per
second. The first costs of the control structure and appurtenant works would
range from approximately $10.3 to $13.1 million. A discharge capacity versus
first cost curve for AV.ernatlve Li is shown on Figure B-42 for a Lake Erie
design discharge of 200,000 cubic feet per second. Corresponding annual
costs, after adjustments for finance, operation and maintenance costs, are
estimated to range from $1.2 to $1.5 million. Figure B-43 shows a first cost
versus annual cost curve for Alternative LU. Discharge capacities and a cost
summary, including first costs, annual costs, and present worth are shown in
Table B-2.
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2.7 Structural Works Required for Selected Regulation Plans

A series of Lake Erie regulation plans were developed to study a range
of increases in Lake Erie outflow that would provide limited regulation of
Lake Erie during periods of high supply. Each plan would require construc-
tion of regulatory works and remedial measures at the head of the Niagara
River. Three of these regulation plans were selected to represent
high-range, mid-range, and low-range increases in lake outflow at the criti-
cal Lake Erie design discharge of 200,000 cubic feet per second. Each
selected plan was evaluated with respect to the regulatory works alternatives
discussed in Section 2.6. The following is a summary of the regulatory works
and remedial measures that would best implement each of the selected plans
while satisfying economic criteria.

2.7.1 Regulation Plan 25N

Plan 25N addresses a high-range regulation plan that would provide an
approximate increase in Lake Erie design outflow of 25,000 cubic feet per
second. Of the five structural alternatives, under study, only Alternative
N3 could provide high-range increases in lake outflow. Least cost implemen-
tation of Plan 25N would be achieved with a six-gate variation of Alternative
N3. This variation would provide the required 25,000 cubic feet per second
design outflow. Since operating constraints are not required with a series
"N" alternative, the net increase in lake outflow would equal the design
outflow. The greatest effective lowering of Lake Erie versus average annual
cost for a high range increase in lake outflow would be achieved with this
plan.

The location of Alternative N3 and the regulatory works and remedial
measures required ;'o implement Plan 25N are discussed in Section 2.6.1.
Figure B-15 in Section 2.6.1 shows the location of the proposed control
structure and the limits of compensatory dredging. Figure B-17 shows a
longitudinal cross section through the control structure. The total first
cost of this control structure, compensatory dredging and appurtenant works,
based on July 1979 price levels is approximately $111.4 million. The
corresponding annual cost, after adjustments for finance, operation and main-
tenance costs, is estimated to be $11.6 million. Table B-4 shows a time pro-
file of all undiscounted and discounted project costs in each year of
occurrence over the assumied 50-year economic project life. The present worth
of all project costs is approximately $134.3 million.
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Table B-4 - Regulation Plan 25N - Project Cost Time Profile

Undiscounted Discounted
Item : Year Project Cost/ :Project Costal/: :$ :$

Investment Cost : 130,331,000 130,331,000

Operation and Maintenance Cost: 1 : 339,000 : 312,442
: :287,965
: :265,406
: :244,614

Operation and Maintenance Cost: 5 : 339,000 : 225,450
: :207,788
: :191,510
: : : 176,507
: :162,679

Operation and Maintenance Cost: 10 : 339,000 : 149,935
: 138,189

: :: 127,363
: :117,385
: : 108,189

Operation and Maintenance Cost: 15 : 339,000 : 99,713
: 91,902
: 84,702

S :: 78,066
: :71,951

Operation and Maintenance Cost: 20 : 339,000 : 66,314
: :: 61,119

: 56,331
: 51,918

: :47,850
Operation and Maintenance Cost: 25 : 339,000 : 44,102

: 40,647
: 37,463

S: 34,528
: :31,823

Operation and Maintenance Cost: 30 : 339,000 : 29,330
: :27,032

: 24,914
: :: 22,962
: :21,164

Operation and Maintenance Cost: 35 : 339,000 : 19,506
: :17,977

16,569: : : 15,271

: 14,075
Operation and Maintenance Cost: 40 : 339,000 12,972

: 11,956
: 11,014
: 10,156

: :9,360
Operation and Maintenance Cost: 45 339,000 : 8,627

: 7,951
: 7,328

: : :6,754
: 6,225

Operation and Maintenance Cost: 50 : 339,000 : 5,737
Present Worth :*: :

Y_ Cost estimates are based on July 1979 price levels, 50-year economic
project life and an 8-1/2 percent interest rate.
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2.7.2 Regulation Plan 15S

Plan 15S addresses a mid-range regulation plan that would provide an
approximate increase in Lake Erie design outflow of 15,000 cubic feet per
second. All five structural alternatives, under study, could provide mid-
range increases in lake outflow. Alternatives N3 and S3 were eliminated for
economic reasons. Least cost implementation of Plan 15S could be achieved
with either alternatives LI or S1. However, engineering feasibility and
future environmental and social concerns require selection of Alternative S2.
The implementation of Plan 15S would best be achieved with a 75-foot wide
gate variation of alternative S2. This variation would provide an increase
in Lake Erie design outflow of 15,400 cubic feet per second. Operational
constraints in the Black Rock Canal would reduce the design outflow to a net
increase in lake outflow of 9,620 cubic feet per second.

The location of alternative S2 and the regulatory works and remedial
measures required to implement Plan 15S are discussed in Section 2.6.3.
Figure B-28 shows the location of the proposed control structure and diver-
sion channel. A longitudinal cross section through the control structure and
transverse cross sections through the diversion channel are shown on Figures
8-30 and B-31, respectively. The total first cost of this control structure,
diversion channel and appurtenant works, based on July 1979 price levels, is
approximately $19.6 million. The corresponding annual cost, after adjust-
ments for finance, operation and maintenance costs, is estimated to be $2.0
million. Table B-5 shows a time profile of all undiscounted and discounted
project costs in each year of occurrence over the assumed 50-year economic
project life. The present worth of all project costs is approximately $22.5

million.
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Table B-5 - Regulation Plan 15S - Project Cost Time Profile

Undiscounted Discounted
Item: Year Pro ect PCos1/

Investment Cost : 20,416,000 20,416,000

Operation and Maintenance Cost: 1 : 182,000 167,742
154,601
142,489

S : : 131,327
Operation and Maintenance Cost: 5 : 182,000 : 121,038

: : : 111,556
102,817

: : : 94,762
* :87,338

Operation and Maintenance Cost: 10 : 182,000 : 80,496
: :: 74,190

: 68,378
: 63,021

: :58,084
Operation and Maintenance Cost: 15 : 182,000 : 53,533

: 49,340
: 45,474

S :: 41,912
: : 38,628

Operation and Maintenance Cost: 20 : 182,000 : 35,602
: :: 32,813
: : : 30,242
: :: 27,873
: : : 25,690

Operation and Maintenance Cost: 25 : 182,000 : 23,677
: 21,822
: : 20,113
: 18,537
: 17,085

Operation and Maintenance Cost: 30 : 182,000 : 15,746
S :: 14,513

: 13,376
: 12,328
: 11,362

Operation and Maintenance Cost: 35 : 182,000 : 10,472
S ::9,652

: 8,896
: 8,199

: : :7,556
Operation and Maintenance Cost: 40 : 182,000 : 6,964

S ::6,419
: 5,916

5,452
: :5,025

Operation and Maintenance Cost: 45 : 182,000 : 4,632: : :4,269

: :3,934
: *: 3,626
: : : 3,342

Operation and Maintenance Cost: 50 : 182,000 : 3,080
Present Worth : :

17 Cost estimates are based on July 1979 price levels, 50-year economic
project life and an 8-1/2 percent interest rate.
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2.7.3 Regulation Plan 6L

Plan 6L addresses a low-range regulation plan that would provide an
approximate increase in Lake Erie design outflow of 6,000 cubic feet per
second. All five structural alternatives under study could provide low-
range increases in lake outflow. Alternatives Nt3, SI, and S2 were eliminated
for economic reasons. Least cost implementation of Plan 61 could be achieved
with alternative S3. However, engineering feasibility and future social con-
cerns require selection of alternative Li. The implementation of Plan 6L
would best be achieved with a variation of alternative 11 that would restrict
the operation of the control gate to a 30-foot open position. This variation
would provide an increase in Lake Erie design outflow of 6,800 cubic feet per
second. Operational constraints in the Black Rock Canal would reduce the
design outflow to a net increase in lake outflow of 3,680 cubic feet per
second.

The location of alternative LI and the regulatory works and remedial
measures required to implement Plan 6L are discussed in Section 2.6.5.
Figure 8-40 shows the location of the proposed control structure. A trans-
verse cross section through the control structure is shown in Figure B-41.
The total first cost of this control structure and appurtenant works, based
on July 1979 price levels, is approximately $10.3 million. The corresponding
annual cost, after adjustments for finance, operation and maintenance costs,
is estimated to be $1.2 million. Table B-6 shows a time profile of all
undiscounted and discounted project costs in each year of occurrence over the
assumed 50-year economic project life. The present worth of all project
costs is approximately $13.8 million.
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Table 0-6 - Regulation Plan 6L - Project Cost Time Profile

Undiscounted : Discounted
Item Year Project Costi/ :Projct Cost /$ $ $ :

Investment Cost 12,066,000 12,066,000

Operation and Maintenance Cost: 1 150,000 : 138,249
127,418

: : 117,436

108,236
Operation and Maintenance Cost: 5 : 150,000 : 99,757

91,942: : : 84,739
: : : 78,100

71,982
Operation and Maintenance Cost: 10 : 150,000 : 66,343

61,145
56,355

51,940
47,871

Operation and Maintenance Cost: 15 150,000 44,121
40,665
37,479
34,543
31,837

Operation and Maintenance Cost: 20 : 150,000 : 29,342
27,044
24,925
22,972
21,173

Operation and Maintenance Cost: 25 : 150,000 : 19,514
17,985
16,576

: : : 15,278
S : : 14,081

Operation and Maintenance Cost: 30 : 150,000 : 12,978
:: : 11,961

11,024
10,160
9,364

Operation and Maintenance Cost: 35 : 150,000 : 8,631
7,955

: :7,331
6,757

: :6,228
Operation and Maintenance Cost: 40 : 150,000 5,740

: 5,290
: 4,876

: :4,494
: 4,142

Operation and Maintenance Cost: 45 : 150,000 : 3,817
: 3,518

* * :3,243
: 2,989
: 2,754

Operation and Maintenance Cost: 50 : 150,000 : 2539Present Worth 13,800,839

1_ Cost estimates are based on July 1979 price levels, 50-year economic
project life and an 8-1/2 percent Interest rate.
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2.8 Impacts on St. Lawrence System

Limited regulation of Lake Erie would involve increasing its outflow
during periods of above-average water supply conditions on the upper Great
Lakes; i.e., Lake Superior and Lakes Michigan-Huron. It would change the
sequence and magnitude of supplies to Lake Ontario. The St. Lawrence Seaway
and Power Project was completed in the 1950's in such a way that it would
accommnodate the highest supply known up to that time (1860-1954). However,
record high supplies to Lake Ontario were received in the early 1970's. With
the addition of Lake Erie regulation, conditions on Lake Ontario anid
downstream would be expected to worsen, unless provisions were made to modify
the regulation procedure of Lake Ontario and to increase the discharge capa-
city of the St. Lawrence River.

The types of modifications made to Lake Ontario Regulation Plan 1958-0
are described in detail in Section 4.6 of the Main Report and Appendix A,
Lake Regulation. Section 3 of this appendix describes the engineering reme-
dial works that would be necessary to accomplish a combined Lakes Erie and
Ontario regulation and at the same time meet the IJC existing criteria and
other requirements for the regulation of Lake Ontario. It also describes the
portion of the remedial works that would be necessary for the regulation of
Lake Ontario, with the supplies received through 1976, and to meet the
existing IJC criteria.
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Section 3

ST. LAWRENCE RIVER SYSTEM

3.1 Preface

The required remedial works in the International and Canadian Reaches of
the St. Lawrence River were defined to accommnodate a wide range of increased
Lake Ontario outflows that would be necessary due to limited regulation of
Lake Erie. Following definition of the three regulation schemes and plans
under Category 3 as described in Appendix A, preliminary estimates were then
made for required remedial works in the St. Lawrence River. It should be
noted that the channel remedial works evaluated for the Canadian reach were
confined to the Lachine Rapids area near Montreal. While these remedial
works would mitigate the flooding problem on Lake St. Louis adjacent to and
upstream of Montreal, they would not provide similar relief to riparian
interests downstream of Montreal. No remedial works downstream of Montreal
were examined, in accordance with the Plan of Study.

Under Category 3, an adjusted basis-of-comparison was also developed and
used in estimating the increasing capacity that would be required in the
St. Lawrence River to handle the supplies for the study period 1900-1976 and
satisfy the Conmmission's Orders of Approval for the regulation of Lake
Ontario. The required St. Lawrence remedial works for the adjusted basis-of-
comparison are also described in this appendix. The differences in capacity
increase between those required by the adjusted basis-of-comparison and those
required by the Lake Erie plans could be considered the incremental channel
enlargements required for combined Lakes Erie and Ontario regulation.

3.2 Description of the Project Area

The St. Lawrence Ri ver forms the natural outlet of the Great Lakes
drainage basin. From Lake Ontario at Kingston, Ontario, the river flows
generally in a northeasterly direction to its outlet on the Gulf of St.
Lawrence, at Father Point, Quebec, a distance of some 530 miles. Between
Kingston, and Cornwall, Ontario, the river coincides with the International
Boundary between Canada and the United States. Downstream of Cornwall,
Ontario, the river lies wholly within the Province of Quebec. A location map
of the St. Lawrence River is shown on Figure B-44.

3.2.1 General

The St. Lawrence River possesses some advantages not shared by many
rivers of comparable size and importance. The natural regulating effect of
the Great Lakes results in a remarkably unifaim flow in the St. Lawrence; the
ratio of maximum to minimum flow at its head~waters on Lake Ontario being
about 2:1 as compared, for example, to the Mississippi River with a corres-
ponding ratio of about 40:1. Over the period 1900-1976, the mean recorded
flow was 231,000 cfs, the maximum 350,000 cfs, and the minimum 154,000 cfs.
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From Lake Ontario at Kingston, to Father Point, Quebec, which marks
the transition to the Gulf of St. Lawrence, the St. Lawrence River falls
approximately 245 feet. Throughout the first 68 miles of its length, the
river is characterized by numerous rocky islands and reefs from which the
name, Thousand Islands Reach, is derived. With the construction of the
St. Lawrence Seaway and Power Project, between 1954 and 1959, the physical
features of the next section of the river between Iroquois and Cornwall,
Ontario, were considerably changed. The construction of the Saunders-Moses
hydro-elecric plants and appurtenances at Cornwall , Ontario - Massena,
New York, caused the formation of a large man-made lake, named Lake St.
Lawrence, which flooded areas where entire villages had been located.
Previous inhabitants of the flooded area were relocated during the Seaway
project period.

Below the Saunders-Moses Power Ddm, the river divides into two channels
around Cornwall Island which then reunite to form Lake St. Francis. Down-
stream of Lake St. Francis, the river flows through the Beauharnois Canal
and Cedars complex to Lake St. Louis. The Beauharnois Powerhouse is located
at the end of the canal. At the outlet of Lake St. Louis, the river drops
through the Laciine Rapids into the Laprairie Basin and thence through the
short, swift flowing section near Victoria Bridge to Montreal Harbour,
falling a distance of about 50 feet. Ottawa River waters join the St.
Lawrence here at Montreal through the Lake of Two Mountains located to the
northeast of Montreal Island, the back rivers to the north of Montreal Island,
and the Vaudreuil and Sainte Anne channels connecting Lake St. Louis and Lake
of Two Mountains. In the 160 miles of river between Montreal and Quebec
City, the fall is about 25 feet at low tide. The range of tide at Quebec
City averages about 16 feet, but extreme high spring tides have exceeded
21 feet. The tidal effect diminishes upstream until the maximum range is
only about 1-1/2 feet at Trois Rivieres and 1/2 foot at the upper end of Lake
St. Peter. Below Quebec City, the river gradually forms its transition into
the St. Lawrence estuary and finally the Gulf" of St. Lawrence.

Irnt(rnationfl IHcaoh: For the International section of the river
extending about 112 miles froin Lake Ontario to Cornwall, Ontario-St. Regis,
Quebec, the St. Lawrence River is subject to the terms of the Boundary Waters
Treaty of 1909 between the two countries. In its first 68 miles to Chimney
Point, New York, the river falls about 1 foot. The river varies from 1 to 4
miles in width, is slow moving, and generally deep. The numerous islands and
shoals form the Thousand Islands. In the 44 miles from Chimney Point to St.
Regis, the river falls approximately 92 feet. Prior to the St. Lawrence
Seaway and Power Project, this fall was concentrated in a series of rapids
between Chimney Point and Long Sault. However, with, the completion of the
St. Lawrence Seaway and Power Project, a major portion of the fall occurs at
the Saunders-Moses power generation station. Three locks are provided for
navigation, one at Iroquois and two in the power development area. Channel
excavation was carried out in this section in 1955 in order to meet the cri-
teria in the Order of Approval issued by the International Joint Commuission
approving construction if the project. The project was designed so that
water velocities in the section do not exceed 4 feet per second (fps) during
the navigation season or 2.25 fps during the ice formation period in the
winter in order to minimize the difficulties of power generation.
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Canadian Reach: Downstream from St. Regis, Quebec, the St. Lawrence
River lies wholly in Canada and all alterations for navigation downstream to
Montreal have been carried out by the St. Lawrence Seaway Authority. Below
Cornwall Island, the navigation channel crosses Lake St. Francis for a
distance of 31 miles to the head of the Beauharnois Power Canal. The water
level of Lake St. Francis is maintained very closely to 152 feet, IGLD (1955)
through operation of the Beauharnois Cedars Complex by Hydro-Quebec. In
authorizing diversions of water for power purposes at Beauharnois, the
Government of Canada passed legislation in 1932 specifying certain conditions
which would enable the power canal to be used ultimately as part of the
Seaway System. Hydro-Quebec has been required to maintain the canal to give
a clear width of 600 feet on the bottom, a depth of 27 feet at low water
datum stage, and to provide adequate cross-sectional area so as to produce
average velocities not exceeding 2.25 fps under any condition of operation.

Two Seaway locks overcome the 84-foot fall between Lake St. Francis
and Lake St. Louis. Downstream of Beauharnols, the river widens into Lake
St. Louis which extends for 10 miles to the Lachine Rapids. The navigation
channel then bypasses the Lachine Rapids and reaches Montreal through Seaway
facilities which consist of two locks: one at Cote Ste. Catherine; the
other at St. Lambert.

3.2.2 Existing Regulatory and Power Facilities

The four major installations in the St. Lawrence River between Lake
Ontario and Montreal are the Iroquois Dam, Long Sault Dam, Saunders-Moses
Plants, and Beauharnois-Cedars complex. In addition, channel enlargements
were carried out for the Seaway and power projects.

roquoin Dam: The Iroquois Dam extends about 1,980 feet from Point
Rockway in the United States to the Canadian shore near Iroquois. The
structure is equipped with thirty-two 50-foot sluices designed to pass a
maximum lake outflow in excess of the maximum flow of 310,000 cfs as speci-
fied by the current regulation plan (1958-D). If necessary, the dam can be
operated to control and regulate the outflow from Lake Ontario, replacing the
natural control provided by a rock ledge which existed near Galop Island
prior to alterations associated with the project. The pattern of gate set-
tings for the dam was developed from hydraulic model tests and have been
selected so as to minimize adverse currents in the navigation channel at the
lower approach to the Iroquois Lock. During periods of strong westerly
winds, the gates may be dipped to prevent excessive buildup of water levels
in Lake St. Lawrence. The gates are also used during ice formation to assist
in promoting a stable ice cover.

honf :;auit /Am: Long Sault Dam is located below the foot of Long
Sault Island, about 25 miles downstream of the Iroquois Dam. It measures
about 2,960 feet along its curved axis. Besides a non-overflow section, it
also has a spillway section which consists of thirty 50-foot sluices. The
spillway discharge has capacity in excess of requirements at the
Saunders-Moses power plants. It also can effectively control the river flows
and water levels within specified ranges in the event that flows cannot be
discharged through the Saunders-Moses plants.
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,'aundera-Moees Plants: The Saunders-Moses Plants are located about
3.5 miles downstream from Long Sault Dam and about 2 miles west of Cornwall,
Ontario. The 3,300 feet long plant, with a rated head of 81 feet contains
thirty-two 57,000 kilowatt capacity generators. Sixteen generators are
operated by the Power Authority of the State of New York while the other
sixteen are operated by Ontario Hydro. Impounded behind the concrete gravity
dam of the power plants is the man-made Lake St. Lawrence, which extends
upstream to Iroquois Dam.

Beauharnois and Cedars Complex: At the lower end of Lake St. Francis,
about 32 miles east of Cornwall, Ontario, the major part of the St. Lawrence
is diverted through a 15-mile navigation and power canal to Hydro-Quebec's
generating station at Beauharnois. The Beauharnois Powerhouse has 36 main
generating units with a total capacity of 1,574,260 kilowatts at a rated head
of 80 feet. The 600-foot wide, 27-foot deep navigation channel occupies the
left edge of the 3,500-foot wide Beauharnois Canal. Two locks at the
confluence with Lake St. Louis allow ships to transit the 80-foot differen-
tial in elevation between Lake St. Louis and the canal.

The remaining portion of St. Lawrence flow leaves Lake St. Francis
through the Coteau Control Dam down the natural river channel. Most of this
water is utilized by the generating station at Cedars which is also operated
by Hydro-Quebec. The Cedars powerhouse has 18 generating units with a total
capacity of 162,000 kilowatts at a rated head of 35 feet.

h.'annel Enlaqements: An integral part of the St. Lawrence Seaway Power
Project was the channel dredging and excavations carried out to:

1. Provide a channel depth, %'Jth, alignment, and water velocity for
27-foot navigation;

2. Reduce velocities to induce winter ice cover over most of the river
thus minimizing operational problems and enhancing the channel carrying capa-
city of the river subsequent to the ice forming period;

3. Distribute the flow in such a way as not to interfere with
navigation; and

4. To reduce head losses at specific points, to increase the channel
capacity and to maximize the head available for hydro-electric power
generation.

For the most part, channel enlargements carried out for power or navigation
interests were beneficial to each other.

The International Joint Commission, in its 1952 Orders of Approval,
specified that the Power Entities were required to undertake channel
enlargements which would ensure that velocities through the Galop section
not exceed 4 fps and below Galop down to Morrisburg, not exceed 2.25 fps
during the ice forming period. Minimum depths of 29.5 feet upstream of and
28.5 feet downstream of Iroquois were required. The Power Entities carried
out channel enlargements in nine principal areas, while the navigation

* B-83



agencies carried out dredging in three. The principal locations of channel
enlargements, carried out by the Power Entities, were at Chimney Point, Galop
Island, Lalone-Lotus Islands, Sparrow Hawk Point - Toussaints Island,
Iroquois, Point Three Points, Ogden Island, headrace of Long Sault Dam and
tailrace of the Saunders-Moses Dam. The principal location of channel
enlargements carried out specifically for navigation were at the Iroquois
Lock, Wiley-Dondero Ship Channel, and North and South of Cornwall Island.

Approximately 107 million cubic yards of material were excavated during
the Seaway Project. The excavations carried out by the Power Entities
totaled 63 million cubic yards. The excavations carried out by the naviga-tion agencies totaled 44 million cubic yards.

As an example of the channel capacity increase attained by the project,
a flow of 350,000 cfs was discharged out of Lake Ontario during portions of
1973 and 1976. During the latter part of the Summer of 1973, this was about
19,000 cfs in excess of the flow that would have occurred prior to the
project. Although, it was physically possible to release a greater flow out
of Lake Ontario, it would have had very serious effects on navigation,
shorefront properties on Lake St. Lawrence and in the Montreal area, and on
the generation of power on the St. Lawrence.

3.2.3 Current Operating Plan

Appendix A, Lake Regulation, discusses details of the current operating
plan used in regulating the outflows of Lake Ontario.

3.2.4 Navigation Facilities

Works of the Federal Seaway agencies of Canada and the United States provide
a 27-foot navigation channel through the river between Lake Ontario and
Montreal Harbour. At and below Montreal, a 35-foot navigation channel is
maintained by the Canadian Ministry of Transport.

St. Lawrence Seaway: From Montreal to Lake Ontario, a vessel travels
182 miles and rises over 225 feet. This distance ') e considered to con-
sist of five sections, three of which are solely -, han waters, the
others in International Boundary waters.

The first section, about 31 miles in length, contains the St. Lambert
and Cote-Ste-Catherine Locks, which enable ships to bypass the Lachine Rapids
and to rise 50 feet above the level of Montreal Harbour. After moving
through Lake St. Louis, ships enter the second section, the Soulanges
Section, which extends for a distance of 16 miles into Lake St. Francis.
The Lower and Upper Beauharnols Locks lift ships a total of 82 feet above
Lake St. Louis. The third section, Lake St. Francis, is 29 miles long and
terminates just east of Cornwall, Ontario.

The first of the two International Sections of the St. Lawrence Seaway
is entered at the upstream end of Lake St. Francis and extends to a point
just east of Ogdensburg, New York. It is mainly the man-made Lake St.
Lawrence resulting from the construction of the Saunders-Moses power complex.
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The major difference in elevation is overcome by the United States Snell and
Eisenhower Locks near Massena. The Iroquois Lock, located beside the
Iroquois Dam on the Canadian side, bypasses the Iroquois Dam and is operated
by the St. Lawrence Seaway Authority in Canada. The remaining section, known
as the Thousand Island Section, extends from here over 68 miles into Lake
Ontario.

3.2.5 Bridges, Wharves, Ferries, and Other Facilities

There are 15 bridges spanning the St. Lawrence River, all of which pro-
vide a vertical clearance of at least 120 feet above high water to accom-
modate commercial vessels. The Louis Hippolyte Lafontaine tunnel carries
vehicular traffic under the St. Lawrence River at the head of Boucherville
Islands, downstream of Montreal. Other tunnels carry vehicular traffic under
the Lower Beauharnois Lock at Melocheville, Quebec, and the Eisenhower Lock
near Massena, New York.

Two commercial wharves with a depth of 27 feet below low water datum
are located in Montreal, namely Port de Valleyfield and Lower Lakes Terminal.
There are 46 wharves with a maintained depth of less than 27 feet, of which
44 are located in Canada and two in the United States.

There are a total of 11 ferry routes on the St. Lawrence. Below
Quebec City, ferries traverse the river between: Quebec City and Levis;
Riviere-Du Loup and St. Simeon; Trois Pistoles and Les Escoumins; Rimouski
and Baie Comeau; Matane and Godbout; and Ste. Anne-des-44onts and Sept-Iles.
Above Quebec City, there are ferry crossings between: Sorel and
Berthierville; the city of Dorval and Ile Dorval; Kingston and Wolfe Island
with stops at Simcoe and Garden Islands; Simcoe Island and Wolfe Island; and
Wolfe Island and Cape Vincent, New York. In addition, there are several
scenic boat tours in operation during the tourist season throughout the river
system.

There are sixteen submarine cables and four major overhead transmission
lines across the St. Lawrence River.

3.3 Selection of Remedial Works Alternatives

3.3.1 International Reach

Based upon the water supplies for the study period 1900-1976, the
existing channels of the St. Lawrence River were found to have inadequate
capacity to convey the additional outflow from Lake Ontario that would result
from the limited regulation of Lake Erie. In order to meet the regulation
criteria and other requirements in the existing Orders of Approval of the
International Joint Commission for the regulation of Lake Ontario, remedial
works would therefore be necessary in the International Reach of the St.
Lawrence River. These remedial works would take the form of channel enlarge-
ments in certain restricted segments of the International Reach. The
existing regulatory and power facilities, as described in Section 3.2.2,
would provide adequate flow retardation and water level control in this reach
subsequent to these channel enlargement measures. To provide a range of
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increased hydraulic conveyance capacities in this reach of the St. Lawrence
along with associated costs to permit regulation plan development under
Category 3 eval uations, five channel enlargement schemes were developed
(Section 3.5.2). These schemes permit increased outflows from Lake Ontario
of up to 30,000 cfs. After reviewing these schemes, it became apparent that
excavation along side the navigation channels was the most efficient and cost
effective way to achieve the required conveyance capacities, particularly at
restricted locations such as Chimney Point - Galop Island area.

In order to better define the locations and amounts of channel excavations,
physical modelling would be required. Such model studies would provide more
detailed information on the effects of channel excavation on the flow veloci-
ties and water surface profile.

3.3.2 Canadian Reach

Channel enlargement at Lachine Rapids would be required to mitigate
flooding of lands adjacent to Lake St. Louis. Depending on the amount of
channel enlargement, a compensating structure at Lachine might also be
necessary to offset the effect of channel enlargement at lower flows. To
provide a range of increased channel capacities at the Lachine section and
associated costs, several schemes were developed permitting increased out-
flows from Lake St. Louis of up to 50,000 cfs. As previously noted, the
possibilities of remedial works downstream of M1ontreal were not examined in
this study. If limited regulation of Lake Erie were to proceed, such reme-
dial works would most likely be required to mitigate flood problems
downstream of Montreal.

3.4 Hydraulic Considerations

The principal hydraulic considerations utilized in studies of the St.
Lawrence River remedial works are discussed below.

3.4.1 Assumptions

In determining the requirements for combined Lakes Erie and Ontario
regulation,.the following assumptions and limitations were used:

1. The remedial works, in terms of channel excavations, would provide
sufficient capacity during the 50-year life of the project;

2. The remaining life of existing regulatory and power facilities,
with proper maintenance, would be about 50 years;

3. The general flow and current pattern in the river would be main-
* tained;

4. The existing Ice regime would be maintained in the system and
the ice booms would be kept in operation;
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5. The control structure at Lachine would be operable all year; and

6. The outflow of Lake Ontario would be regulated in accordance with
Plan 1958-D, modified to the extent necessary which would depend on the
amounts of channel enlargements. Recent studies by the International
St. Lawrence River Board of Control have confirmed that it is not practical
within existing physical constraints to design a Lake Ontario regulation plan
which would meet all IJC criteria and other requirements under the maximum
supply received to date. The St. Lawrence River Board has recommnended that
Plan 1958-D, with discretionary actions such as those used in the past, be
continued as the plan of regulation of Lake Ontario.

3.4.2 Ice Problems

Ice problems in the St. Lawrence can in general be related to the
restrictive effects of the ice on river discharge, the magnitude of which
varies from reach to reach depending on the configuration and hydraulic
conditions of the river. For example, the formation of ice jams upstream
of a generating station can seriously reduce the flow to the turbines,
resulting in a loss of generated power, while at the same time causing
flooding above the jam. Therefore, to overcome these problems the formation
of a stable and relatively smooth ice cover early in winter is an important
factor. The use of floating ice booms is a proven method of establishing
stable ice cover. Below Montreal, the problem is somewhat different in that
the aim is to maintain an open channel for navigation and flood prevention.
One of the attendant difficulties is to keep flushing the ice downstream
through areas where flow velocities are low.

At the present time, the only measures taken to control ice in the St.
Lawrence between Lake Ontario and Montreal relate to the requirements of
hydroelectric power development at the Saunders-Moses plants and the
Beauharnois-Cedars complex. In the International Reach, the first booms
were placed at the beginning of the 1959-1960 winter period and an additional
boom was installed a year later. The overall layout of the booms has
remained unchanged since the winter of 1961-1962 and consists of a boom
across the river at Ogdensburg-Prescott, a short section at Chimney Point,
and four booms in the Galop Reach. Ice booms are at present utilized in two
areas in the Canadian Reach. Booms are placed each winter in the Beauharnois
Canal by Kydro-Quebec, and in the St.* Lawrence Ri ver downstream of Montreal
by the Ministry of Transport. Artificial islands to stabilize ice cover have
been recently placed in Lake St. Louis to mitigate ice jam problems.
Downstream of Montreal, where the emphasis is on maintaining an open channel
for flood control and navigation, systematic icebreaking operations provide
the main control. Some experimental work with ice booms is also being
conducted.

3.4.3 Methodology

Inlter7national Reach: In order to estimate the channel enlargements
required to discharge a wide range of Lake Ontario outflows, an unsteady-
state mathematical model was used for the upper St. Lawrence River from Lake
Ontario to Cornwall-Massena. Figure 8-44 shows the location of this area.
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The model computes the water surface profile, velocities, etc., resulting
from various assumed extents of channel enlargements. The model, designed
and calibrated by the Great Lakes Environmental Research Laboratories of the
National Oceanic and Atmospheric Administration (NOAA), is capable of simula-
tion on varying time increments and includes flow under ice-covered, as well
as open-water, conditions.

The objective in developing this mathematical model was to evaluate
water surface changes due to channel dredging, changing ice covers, and the
effect of extending the navigation season on the St. Lawrence River. In this
study, the model was used to estimate the nature and extent of channel exca-
vation required to meet the hydraulic requirements of any given combined
Lakes Erie and Ontario regulation plan. For any given excavation alterna-
tive, the model was used to determine the resulting water surface elevations
and average channel velocities at strategic locations along the river.

The section of the St. Lawrence River simulated by the NOAA model
extends from Lake Ontario to the Moses-Saunders Power Dam near Cornwall,
Ontario-Massena, New York. A detailed description of the model, its
development and calibration, etc., are contained in NOAA's Technical
Memorandum ERI GLERL-24 Upper St. Lawrence River Hydraulic Transient Model,
October 1978. The following is a brief description of the model.

The configuration in the model consists of 30 reaches interrelated by
21 intersection or nodal points. Each reach is assumed prismatic with its
own physical characteristics of length, width, wetted area, wetted peri-
meter, and bed roughness. Input to the model consists of the initial stage
and flow conditions along the river, the respective channel roughness
coefficients, ice-cover roughness coefficients, and ice thickness for all
the reaches. A net total supply (NTS) hydrograph or water level hydrograph
is allowable input as upstream boundary conditions. Downstream boundary
conditions include a discharge or water level hydrograph at the powerhouse.

Because plans of regulation were selected subsequent to study
commencement, a range of channel excavations which would likely encompass
those of the selected Lakes Erie and Ontario regulation plans was simulated.
Section 3.5.2. Channel Enlcu'gemente, describes in detail how the amounts to
be excavated were estimated.

canadian Reach: For Lake Erie regulation plans designed to increase
discharges which in turn would permit increased Lake Ontario outflows, chan-
nel enlargement at Lachine Rapids would be required to mitigate flooding of
lands adjacent to Lake St. Louis. A compensating structure at Lachine might
also be necessary to offset the effect of channel enlargement during periods
of lower flows. Figure B-45 shows the location of the Lachine Rapids area.

Because plans of regulation were initially not available, alterations
for a range of Lake St. Louis level and outflow conditions had to be
considered. Section 3.5.3, Channel E~nlargements, describes in detail how the
amounts of excavation required for regulation plans were estimated.
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The analysis consists of determining the additional channel area of the
river needed to carry the increased discharge at the same level of Lake
St. Louis as for an outflow of 390,000 cfs. This flow is considered as the
base flow and corresponds to an elevation 72.2 feet, IGID (1955), or 72.5
feet, G.S.C. at Point Claire Gauge. Flood damage begins when this level is
exceeded. The procedure was essentially trial and error using the HEC-2
backwater analysis from the bottom of Lachine Rapids to Lake St. Louis with
different dredging dimensions at certain locations until the particular level
condition was satisfied. Much information with respect to optimum areas for
dredging was available from earlier Canada-Quebec flood studies of the
Montreal area. Al so from the Canada-Quebec study, it was determined that the
most effective way to maintain low lake levels in their present range was by
isolating the upstream dredged area by an in-river dike and control structure
at the head of the dredged channel. This would enable all the flow to be
passed down the remaining river channel when necessary. The hydraulic analy-
sis for this low level condition consists of assessing the length of dike
which would cause the low level on the lake to be restored to natural, thus
negating the effect of the increased river area by dredging. It remained
also to verify high water conditions once the dike length was determined by
apportioning flows through the dredged and river channel, and checking the
lake levels.

3.5 Design and Cost Estimates

Commnon design criteria were used throughout the design process in order
that a valid comparison of cost could be made between the various remedial
alternatives under study. All depths and heights given are in feet; all
elevations are referred to the International Great Lakes Datum (1955).

3.5.1 Topographic and Geotechnical Characteristics

Channel excavation in the International Reach of the St. Lawrence
River would extend from Ogdensburg, New York to Morrisburg, Ontario, a
distance of about 20 miles. While the amount of channel enlargement varies
depending on the required increase in channel capacity, the locations of
dredging are generally the same. Information on dredged material is based on
borings taken in the 1950's by Ontario Hydro, U. S. Army Corps of Engineers,
and the Power Authority of the State of New York in connection with the
development of the Seaway and Power Project. The material to be excavated is
glacial till overburden consisting of mostly fine and coarse sand, grey clay,
boulders, and gravel. The underlying bedrock is classified as Beekmantown
Dolomite.

Channel excavation in the Canadian Reach of the St. Lawrence River is
limited to the Lachine Rapids area. The material to be excavated is believed
to be limestone and, for the purposes of cost estimates, all excavation was
assumed into rock. For more detailed design information, extensive test
borings would be necessary.
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3.5.2 International Reach

Iiydrautic Deaignt As stated in Section 3.2.1, the channel modifications
made in the river during the Seaway and Power Project development were
designed to provide velocities in the navigation channel not exceeding 4 feet
per second (fps) during the navigation season or 2.25 fps during the ice for-
mation period. It should be noted, however, that these channel design velo-
cities are currently exceeded in some areas of the shipping channel wnder
existing flow conditions. Therefore, any channel enlargements to accommodate
limited Lake Erie regulation should not produce higher flow velocities than
those which presently occur. In other words, the resulting average velocity
in any cross section of the navigation channel should not be increased.
Based on this rationale, channel excavation quantities, adjacent to the navi-
gation channel, were computed to handle the additional discharges at 4 fps.
Although these velocities are not expected adjacent to the shore or channel
banks, they would induce the required capacity in adjacent portions of the
river cross sections. Under various defined channel enlargements, the NOAA
mathematical model was used to compute the resulting water surface profiles
and channel velocities. Sufficient computations, using a wide range of Lake
Ontario outflows, were performed to define the modified outflow limitation
curves.

To present a range of hydraulic conditions that might result from
combined Lakes Erie and Ontario regulation, five channel excavation alterna-
tives in the International Reach of the St. Lawrence were examined. These
alternatives are described in Table B-7.
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Table B-7 - Excavation Alternatives in the International
Reach of the St. Lawrence River

: : Total Estimated

: Excavation Volume
Excavation : (millions of
Alternative: Description of Excavation Alternative : cubic yards)

I : Excavation from Chimney Point to Morrisburg,:
: adjacent to the navigation channel and to
: permit a flow increase of 10,000 cfs at Lake:
: Ontario elevations above 244.5 feet IGLD
: (1955) 7.5

2 : Excavation from Chimney Point to Morrisburg,:
: adjacent to the navigation channel, and to
: permit a flow increase of 20,000 cfs at Lake:
: Ontario elevations above 244.5 feet IGLD
: (1955) 15.0

3 : Excavation from Chimney Point to Morrisburg,:
: adjacent to the navigation channel, and to
: permit a flow increase of 30,000 cfs at Lake:
: Ontario elevations above 244.5 feet, IGLD
: (1955) 22.2

4 : Excavation and hydraulic capacity as per
alternative 2 but with channel excavation
in the Galop and Ogden Island areas located :
in the channels on the south side of these :
islands rather than adjacent to the north
side navigation channels. 20.0

5 : Excavation similar to alternative 2 but
limited to the Iroquois Dam to Morrisburg
reach adjacent to the navigation channel.
This will permit flow increases up to
20,000 cfs at Lake Ontario elevations above
245.7 feet IGLD (1955) 4.9
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The fourth alternative mentioned above was considered since it was
expected that interference with navigation could be reduced, although it
would require more channel enlargement when compared to the second
alternative. The fifth alternative assumes that the additional channel capa-
city would be required at a higher Lake Ontario elevation.

Figure B-46 shows the relationship between the amounts of channel exca-
vation and river flow increases. The effect of the above five excavation
alternatives on maximum Lake Ontario outflow limitations are as depicted in
Figure B-47. The locations of the channel enlargement are shown in Figure
B-48. Each of the five excavation alternatives is expected to have no effect
on the existing minimum draft conditions in the Seaway. It is recognized
that operation of the Iroquois Dam will be required on a more frequent basis
than is currently the case, as these channel modifications would otherwise
cause increased Lake St. Lawrence levels.

The excavation alternatives listed above would have varying effects on
the existing head-loss relationship for the river from Lake Ontario to the
Saunders-Moses Powerhouse. In order to define more accurately the hydraulic
effect and costs of these excavation alternatives, it would be necessary to
employ more sophisticated and elaborate mathematical and hydraulic model
studies of this reach of the river.

Channel Enlar'gements: As indicated in the preceding section, Hydr'aulic
Design, five excavation alternatives, providing various capacity increases,
were examined. This section describes the procedure in determining the
required channel excavation to accommnodate Lakes Erie and Ontario regulation.
It also describes the procedure in determining the required channel excava-
tion required by the adjusted basis-of-comparison.

Since the completion of the St. Lawrence Seaway and Power Project in
1959, the outflow of Lake Ontario has been completely regulated. All channel
enlargements, as approved by the Governments of Canada and the United States
in 1955, were designed to give a maximum mean velocity in any cross section
of the navigation channel not exceeding 4 feet per second during the naviga-
tion season and 2.25 feet per second during the ice formation period in the
winter to minimize the difficulties of power generation. Plan of Regulation
12-A-9 was specified in the IJC Order of Approval to be used as a basis for
calculating critical profiles and designing channel excavations. All excava-
tions were designed to cope with the highest-known supply conditions during
the period 1860-1954.

The present regulation plan used to regulate Lake Ontario outflow is
Plan 1958-D. It was designed in 1963 to satisfy the IJC criteria and other
requirements that have been established to protect or to provide benefits
to the various interests concerned. Similar to Plan 12-A-9, Plan 1958-D was
also tested over the period 1860-1954 to assess the degree to which it satis-
fied the IJC criteria and other requirements.

Limited regulation of Lake Erie would alter the sequence and the
magnitude of supplies to Lake Ontario. Since the regulated Lake Erie outflow
would be higher than that under the basis-of-comparison during high supply
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periods, Lake Ontario levels would increase unless provisions were made to
discharge the additional water down the St. Lawrence River. To maintain
existing water level profiles under increased Lake Ontario outflow condi-
tions and not exceed existing maximum flow velocities in the navigation
channels, dredging would be required in certain reaches of the river. It
should be noted that channel design velocities are currently exceeded in
some areas of the shipping channel under existing flow conditions. During
the high supply period of the early 1970's, the maximum velocity requirement
was often exceeded for sustained periods of time in order to discharge
outflows higher than the channel was designed for. For the purpose of this
study, it was considered that any limited Lake Erie regulation should not
produce more critical conditions on the St. Lawrence River than those of Plan
12-A-9.

The adjusted basis-of-comparison was developed under Category 3 in order
to define channel excavations that would be necessary to accommodate the
recorded supplies for the study period 1900-1976 and satisfy the IJC's cri-
teria for the regulation of Lake Ontario. Plan 1958-D would be modified to
take advantage of such excavations. Furthermore, Plans 6L, 15S, dnd 25N
under Category 3 were developed to define the channel excavations that would
be necessary to accommodate the combined Lakes Erie and Ontario regulation.
Plan 1958-D would also be modified. The differences between the two quan-
tities of excavation would represent the incremental excavations required
solely for limited regulation of Lake Erie. The development of Category 3
adjusted basis-of-comparison and Lakes Erie and Ontario regulation plans is
described in Appendix A, Lake Regulation, and Section 4.6 of the Main Report.

Figure B-49 shows the Lake Ontario envelope curves for the open water
condition under the three Lake Erie regulation plans; Plans 6L, 15S, and
25N as well as the adjusted basis-of-comparison. These envelopes are based
on monthly Lake Ontario water levels versus outflows. Also plotted on this
figure is the envelope curve for Plan 12-A-9.

Plan 12-A-9 shows that the critical point occurs at a Lake Ontario stage
of 244.33 feet and an outflow of 296,000 cfs. Based on past experience,
power operation difficulties would be encountered at a Lake Ontario elevation
of about 244.33-244.35 feet. Figure B-49 shows that at this elevation, the
adjusted basis-of-comparison as well as Plan 6L would both require an addi-
tional capacity, over that of Plan 12-A-9 of about 4,000 cfs. Plan 15S would
require an additional capacity of about 6,000 cfs, or an additional 2,000 cfs
over that for the adjusted basis-of-comparison or Plan 6L. Plan 25N would
require an additional capacity of about 5,000 cfs or an additional 1,000 cfs
over that for the adjusted basis-of-comparison or Plan 6L. Figure B-48 shows
the locations where channel excavation would be necessary.

It should be noted that detailed engineering studies would be necessary
to determine whether or not elevation 244.33 feet would still be the critical
level. Preliminary estimates have indicated that higher Lake Ontario
outflows at higher Lake Ontario stages would not cause any worse condition to
the existing river profile. If a higher Lake Ontario stage, and hence
outflow become more critical, then higher capacities would be required. It
should also be noted that the envelopes have all been prepared using monthly
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values. This procedure has excluded the quarter-monthly values which, if
used, would call for higher capacity increases.

:;hovo, 'r'tetion Works: Since channel excavations would be mostly con-
fined to the shallow shoal areas, shore protection was considered not
necessary except for the areas at Galop and Ogden Islands. No estimates have
been made in this study for such shore protection works.

n;t K.t-Iatrn: Construction effort relates mostly to dredging in the
river. The material to be dredged is assumed to be mostly glacial till, con-
sisting of sand, gravel, and boulders. As discussed in the section above,
.hanno/ Knlar'(p!rnfnt., the additional channel capacity required in the
International Reach of the St. Lawrence River is 4,000 cfs for the adjusted
basis-of-comparison and Plan 6L; 6,000 cfs for Plan 15S and 5,000 cfs for
Plan 25N. These would require excavation of about 3, 3.8, and 4.5 million
cubic yards, respectively (Figure B-46).

Cost estimates for the remedial alternatives were based on unit costs
expected on similar dredging projects in that part of the St. Lawrence River
expressed on July 1979 price levels. This includes the transportation and
disposal on land of the dredged material. It was assumed that dry land
disposal areas would be available. These costs were escalated by a 25 per-
cent contingency allowance to obtain the total direct costs. Indirect costs,
which include allowance for detailed investigations, foundation and geolog-
ical exploration, engineering designs, construction supervision and adminis-
tration, were estimated at 15 percent of the total direct costs and added
to obtain the total estimated first cost. To this was added interest during
construction calculated by applying interest at 8-1/2 percent for one-half
the estimated construction period to obtain the total investment cost. For
the adjusted basis-of-comparison and Lake Erie Plans 6L, 15S, and 25N, exca-
vation in the International Reach of the St. Lawrence River would require
about 2 years.

Annual cost as considered here includes all annual costs occurring
after activation of a project and is the sum of the finance costs and
operation and maintenance costs.

The method used to estimate each of these factors is described below:

1. Finance costs were calculated on an economic project life of 50
years dnd include interest and amortization. The annual payments provide for
payment of interest and a sinking fund to retire the debt in the timeframe of
50 years. An interest rate of 8-1/2 percent was used.

2. Operation and maintenance costs were estimated by applying per-
centage factors to the direct cost of the items. Because of minimum main-
tenance expected in the excavated channel, the applicable factor on this
expense was 0.26 percent. This cost includes the cost of administration and
general expense.

Present worth for each of the excavation alternatives was also calcu-
lated based on a 50-year economic project life and the investment cost
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discussed earlier. The present worth of the annual operation and maintenance
costs was added to the investment cost to determine the total present worth

* of each alternative. Table B-8 shows the cost estimates of the required
remedial measures in the International Reach of the St. Lawrence River.

3.5.3 Canadian Reach

Jlydvautic Deaign: To present a range of channel enl argements at Lachi ne
Rapids that would be required to mitigate flooding in Lake St. Louis, four
remedial alternatives in the Canadian Reach of the St. Lawrence were
examined. A compensating structure at Lachine was also considered to offset
the effect of channel enlargement at low flows.

For the hydraulic analyses required to establish construction estimates,
the following criteria were used:

1. The flooding level on Lake St. Louis was taken as elevation 72.2
feet, IGLO (1955) at Pointe Claire gauge. This corresponds to an outflow
from Lake St. Louis of 390,000 cfs and, from the best information available,
is the level at which flood damage begins. This then is considered the
base flow.

2. Analysis and cost estimate for flow increases of up to 50,000 cfs;
(above 390,000 cfs) were made to provide data for a cost versus capacity
i ncrease curve.

3. A low flow value of 220,000 cfs was used for low flow conditions
in the evaluation.
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Table B-8 - St. Lawrence River Area Remedial Works - Summary of
Discharge Capacities and Cost Estimates for Selected
Lake Erie Regulation Plans

: : Cost Estimates1 -

: Increase in (millions of dollars)
: Discharge : Average :
: Capacities: First : Annual : Present

Alternatives (cfs) : Cost : Costs : Worth

International

Plan 6L 4,000 : 30.0 : 2.9 : 33.6
Plan 15S 6,000 : 45.0 : 4.3 : 50.2
Plan 25N 5,000 : 38.0 : 3.4 : 39.1
Adjusted Basis-of-Comparison : 4,000 : 30.0 : 2.9 : 33.6

Canadian

Plans 6L, 15S, and 25N and
Adjusted Basis-of Comparison 15,000 41.9 : 4.0 : 46.5

Total (International & Canadian)

Plan 6L : 71.9 : 6.9 : 80.1
Plan 15S : 86.9: 8.3 : 96.7
Plan 25N : 79.9 : 7.4 : 85.6
Adjusted Basis-of-Comparison : 71.9 : 6.9 : 80.1

1/ Cost estimates are based on July 1979 price levels, a 50-year economic
life, and an 8-1/2 percent interest rate.
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Details of the analysis for the discharges considered are as follows:

1. Alternative 1. Flow increase of 50,000 cfs for a total of 440,000
cfs.

2. Alternative 2. Flow increase of 35,000 cfs for a total of 425,000
cfs.

3. Alternative 3. Flow increase of 20,000 cfs for a total of 410,000
cfs.

cfs. 4. Alternative 4. Flow increase of 15,000 cfs for a total of 405,000

It was considered that no control structure would be necessary for the
maintenance of lake levels at low flow under Alternatives 3 and 4 above as
the lowering would be very small.

The amount of channel capacities versus excavation quantities are
plotted in Figure B-50. The location of the excavation for each alternative
is shown in Figure B-51.

Channel Enlargements: One of the requirements for Lake Ontario regula-
tion is that the downstream riparian interests should not experience any
worse condition under regulation. Thus, the maximum Lake Ontario outflow
limitation, termed P-Limitation, was incorporated into Plan 1958-0 to control
the deviation of the regulation outflows from those outflows which would
occur under pre-project (without Lake Ontario regulation) conditions. Under
Category 3 study, it was noted that increasing the P-Limitation by 15,000 cfs
in all three selected Lake Erie regulation plans would satisfy the IJC
requirements for the regulation of Lake Ontario. The amount of excavation
required corresponding to this increase in channel capacity would be about 1
million cubic yards. All removed material was assumed to be sedimentary
rock. No control structure was considered necessary to offset the lowering
effect during low supply conditions.

Shore Protection Works: Since channel excavation would be confined to
the shallow rapids area, shore protection was considered not necessary.

Coat Estimates: The major part of the construction effort relates to
dredging of sedimentary rock. Unit costs of concrete, earthfill, excavation,
etc., affecting the control structure costs have been based in part, on
figures used for previous Montreal flood studies. They have been updated
according to a Canadian ENR index from December 1974 to December 1977 by a
conversion factor of 1.45. They were further updated to July 1979 by a con-
version factor of 1.20.

The costs computed were escalated by a 25 percent contingency allowance

to obtain the tota direct costs. Indirect costs, which include allowance
for detailed investigations, foundation and geological exploration,
engineering designs, construction supervision and administration, were
estimated at 15 percent of the total direct costs and added to obtain the
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total estimated first cost. To this was added interest during construction
calculated by applying interest at 8-1/2 per cent for one-half the estimated
construction period to obtain the total investment cost. For capacity
increases of 50,000 cfs and 35,000 cfs, this was considered as 3 years. For
capacity increases of 20,000 cfs and 15,000 cfs, this was considered 2 years.

Annual cost includes all annual costs occurring after activation of a
project and is the sum of the finance costs and operation and maintenance
costs.

The method used to estimate each of these factors is described below:

1. Finance costs were calculated on an economic project life of 50
years and include interest and amortization. The annual paymlents provide for
paymnent of interest and a sinking fund to retire the debt in the timeframe of
50 years. An interest rate of 8-1/2 percent was used.

2. Operation and maintenance costs were estimated by applying per-
centage factors to the direct cost of the items. Operation and maintenance
costs include interim replacement costs, administration, and general expense.
Interim replacement costs, when required, were computed on those items which
would normally be considered as replaceable before the end of the project
life. Replaceable equipment and facilities include gates, gate hoists,
stoplogs, and appurtenances. Because of minimum maintenance expected in the
excavation channel, a factor of 0.26 percent was used for excavation only
with Alte-latives 3 and 4. When interim replacements were required with
Alternatives 1 and 2, a factor of 0.28 percent was used.

Present worth for each of the excavation alternatives was also calcu-
lated in a similar manner as that described in Section 3.5.2,

As stated above, a capacity increase of 15,000 cfs (Alternative 4) would
satisfy the !JC requirements for the regulation of Lake Ontario as well as
limited regulation of Lake Erie under Plans 6L, 15S, or 25N. This increase
would also accommodate the adjusted basis-of-comparison. The cost estimate
for this increase is shown in Table B-8.

3.6 Remedial Works Required for Selected Regulation Plans

As previously stated in Section 3.5, excavation would be required in
both the International and Canadian Reaches of the St. Lawrence River to
accommnodate a combined Lakes Erie and Ontario Regulation Plan. The following
is a summary of the discharge capacities and costs of these remedial works.

In order to accommodate the adjusted basis-of-comparison or Plan 61, an
additional capacity of 4,000 cfs in the International Reach of the
St. Lawrence River would be required. The first cost of the excavation is
about $30.0 million. The corresponding annual cost, after adjustment for
finance, and operation and maintenance, is about $2.9 million. Discharge
capacities and a cost summary, including first costs, annual costs, and pre-
sent worth, are shown in Table B-S.
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Plan 15S would require an additional capacity of 6,000 cfs in the
International Reach of the St. Lawrence River. The first cost of the excava-
tion is about $45.0 million. The corresponding annual cost, after adjustment
for finance, and operation and maintenance, is about $4.3 million. Discharge
capacities and a cost summary, including first costs, annual costs, and pre-
sent worth, are show in Table B-8.

Plan 25N would require an additional capacity of 5,000 cfs in the
International Reach of the St. Lawrence River. The first cost of the excava-
tion is about $38.0 million. The corresponding annual cost, after adjustment
for finance, and operation and maintenance, is about $3.4 million. Discharge
capacities and a cost summary, including first costs, annual costs, and pre-
sent worth, are shown in Table B-8.

At the Lachine Rapids area, west of Montreal, all three Lake Erie
regulation plans under Category 3 would require an additional capacity of
about 15,000 cfs. The first cost of the excavation is about $42.0 million.
The corresponding annual cost, after adjustments for finance, and operation
and maintenance costs, is estimated to be about $4.0 million. Discharge
capacities and a cost summary, including first cost, annual cost, and present
worth, are shown in Table B-8.

The following is a summary of the relative discharge capacities and com-
bined costs of remedial works in the International and Canadian Reaches of
the St. Lawrence River. The total first costs, based on July 1979 price
levels, are $72 million for the adjusted basis-of-comparison and Plan 6L, $87
million for Plan 15S, and $80 million for Plan 25N. The corresponding annual
costs are $6.9 million for the adjusted basis-of-comparison and Plan 6L, $8.3
million for Plan 15S, and $7.4 million for Plan 25N. Table B-8 provides a
cost summary of remedial works in the St. Lawrence River.

Tables B-9, B-10, B-1I, and B-12 show a time profile of all undiscounted
and discounted project costs in each year of occurrence over the assumed
50-year economic project life of each of the limited regulation of Lake Erie
plans and the adjusted basis-of-comparison.
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Table B-9 - Regulation Plan 6L and the Adjusted Basis-of-Comparison - Project
Cost Time Profile for International Reach of the St. Lawrence River

: : Undiscounted : Discounted
Item Year : Project Costl/: Project Cost---

Investment Cost $32,600,000 $32,600,000

Operation and Maintenance Cost: 1 : 80,000 : 73,733
: 67,956
* :62,633

S ::57,726
Operation and Maintenance Cost: 5 : 80,000 53,204

: 49,036
: 45,194

: : :41,654 38,390

Operation and Maintenance Cost: 10 80,000 35,383
32,611

: :30,056
: 27,702

: :: 25,531
Operation and Maintenance Cost: 15 : 80,000 : 23,531

: Z1,688
: 19,989

S ::18,423
: :16,980

Operation and Maintenance Cost: 20 : 80,000 : 15,649: 14,423
: :13,293
: :12,252
: :: 11,292

Operation and Maintenance Cost: 25 : 80,000 : 10,408
S ::9,592
: * :8,841
* :8,148
: : :7,510

Operation and Maintenance Cost: 30 : 80,000 : 6,921
: 6,379
: 5,879

: :5,419
: * :4,994

Operation and Maintenance Cost: 35 : 80,000 : 4,603
: 4,242

: :: 3,910
: 3,604
: 3,321

Operation and Maintenance Cost: 40 : 80,000 : 3061
: :2,821

2,600
2,397

: : :2,209
Operation and Maintenance Cost: 45 : 80,000 : 2,036

: :1,876
S ::1,729
: :: 1,594
S :"1,469

Operation and Maintenance Cost: 50 : 80,000 : 1,354
Present Worth Z : 33,525,246

I/ Cost estimates are based on July 1979 price level, 50-year economic
project life and an 8-1/2 percent interest rate.
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Table R-lO - Regulation Plan ISS - Project Cost Time Profile for
International Reach of the St. Lawrence River

Undiscounted : Discounted
Item Year Proj ect Cost/: P 1 /

: : $ :s$
Investment Cost : : $48,800,000 : $48,800,000

Operation and Maintenance Cost: 1: 120,000 110,599
101,935: : :93,949

: : :86,589
Operation and Maintenance Cost: 5 : 120,000 : 79,805

: : :13,553
67,791: : :62,480

: 0 : : 57,586
Operation and Maintenance Cost: 10 : 120,000 : 53 074: : : 48.916-

: : :45:084
: : : 41,552"
: : :38,297

Operation and Maintenance Cost: 15 :120,000 :35 2297 -
: : : ~32,532I

* 29:983
: 27,634
: 25,469

Operation and Maintenance Cost: 20 : 120,000 : 23,474
: 21,635

: :19,940
: :: 18,378

: 16,938
Operation and Maintenance Cost: 25 : 120,000 15 '611

: : : 13 ?k l
! : : :12,222

: :11,265
Operation and Maintenance Cost: 30 : 120,000 : 10,382

* :9,569
:.819
8,128
7,492

Operation and Maintenance Cost: 35 : 120,000 : 6,905
6,364
5,865
5,406
4,982

Operation and Maintenance Cost: 40 : 120,000 : 4,592
4,232
3,901
3,595
3,313

Operation and Maintenance Cost: 45 : 120,000 : 3054
: : :2,U15
: : :2.594
: : :2,391

* : 2,204
Operation and Maintenance Cost: 50 : 120,000 : 2 031
Present Worth :$50,187.871

Y cost estimates are based on July 1979 price level, 50-year economic

project life and an 8-1/2 percent interest rate.
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Table B-il - Regulation Plan 25N - Project Cost Time Profile for
International Reach of the St. Lawrence River

: : Undiscounted Discounted

Item Year : Project Cost,/: Project Cost-l/

Investment Cost : : $38,000,000 : $38,000,000

Operation and Maintenance Cost: 1 100,000 92,166
: :84,946
: : '78,291
: :72,157

Operation and Maintenance Cost: 5 : 100,000 : 66,505
: :61,295
: : :56,493
: :52,067
* :: 47,988

Operation and Maintenance Cost: 10 : 100,000 : 44,229
40,764

: :37,570
: :34,627
: :: 31,914

Operation and Maintenance Cost: 15 : 100,000 : 29,414
: :: 27,110
: :24,986
: :23,028
: :: 21,224

Operation and Maintenance Cost: 20 100,000 : 19,562
* :: 18,029

: 16,617
: 15,315

: :14,115
Operdtion dnd Maintenance Cost: 25 100,000 13,009

11,990
: :11,051

: 10,185
: 9,387

Operation and Maintenance Cost: 30 : 100,000 : 8,652
7,914

: :7,349
: 6,774
: 6,243

Operation and Maintenance Cost: 35 : 100,000 : 5,754
: 5,303

4,888: : :4,505

: 4,152
Operation and Maintenance Cost: 40 : 100 000 : 3,827

: : :3,527

: :3,251
: :2,996
: 2,761

Operation and Maintenance Cost: 45 : 100,000 : 2.545
2,345

: 2,162
: 1,992
: 1,836

Operation and Maintenance Cost: 50 100,000 : 1,692
Present Worth 156,55Z

* !V Cost estimates are based on July 1979 price level, 50-year economic

project life and an 8-1/2 percent interest rate.
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Table B-12 - Regulation Plans 6L, 15S, and 25N and the Adjusted
Basis-of-Comparison - Project Cost Time Profile for
Canadian Reach of the St. Lawrence River

Undiscounted Discounted
Item Year Project cos1/: Project Cost1/: :$ :$

Investment Cost $45,480,000 : $45,480,000

Operation and Maintenance Cost: 1 : 90,000 : 82,949
76,451

S ::70,462
: :64,942

Operation and Maintenance Cost: 5 : 90,000 : 59,854
: :: 55,165

: : :50,843
: : :46,860
: : :43,189

Operation and Maintenance Cost: 10 : 90,000 : 39,806
: : :36,687
: : :33,813

: :31,164
: :28,723

Operation and Maintenance Cost: 15 : 90,000 : 26,473
: : :24,399

22,487
C : 5 920,726
: 0 : : 19,102

Operation and Maintenance Cost: 20 : 90,000 : 17,605
16,226

: 5 : : 14,955
: 0: : 13,783

12,704
Operation and Maintenance Cost: 25 : 90,000 : 11,708

10,791
9,946
9,167

: * 8,449
Operation and Maintenance Cost: 30 : 90,000 : 7,787

PeetWrh7,177
: : :6,614
: : :6,096

:o1 pl 55,619
Operation and Maintenance Cost: 35 i90,000 5,178: : : 4,773 '

: : : 4,399
: : : 4,054
: : : 3,737

Operation and Maintenance Cost: 40 :90 000 :3,444
: : :3,174
: : :2,925
: : :2,696
: : :2,485

Operation and Maintenance Cost: 45 :90,000 :2,290
: : :2,111
: : :1,946
: : :1,793

l : : :1,653
Operation and Maintenance Cost: 50 :90,000 : l523

i Present Worth : :: $46,520,90

17 Co-st estimates are based on July 1979 price level, 50-year economicIJ" :4 - , .project l ife and an 8-1/2 percent interest rate., -1_ JI- _ ' -- _ ,
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Section 4

4.1 Gneral COST SUMMARY OF REGULATORY AND REMEDIAL WORKS

Limited regulation of Lake Erie would require construction of regulatory
works at the head of the Niagara River. To implement a combined Lake Erie
and Ontario Regulation Plan, remedial works in the St. Lawrence River would
also be required. The nature and extent of these works depend on the regula-
tion plan selected.

Table B-13 is a summary of the costs of regulatory and remedial works
relative to the regulation plan investigated. These are the preliminary
estimates only and not based on detailed design studies.

The costs shown for the St. Lawrence remedial works also reflect those
which would be required for channel enlargement to accoummodate the high water
supplies of the 1970's while not violating the IJC criteria for the regula-
tion of Lake Ontario.



Table B-13 - Summary of Costs of Regulatory and
Remedial Works

_ Cost Estimates-V (millions of dollars)
: Ftr-st -: Average Present

Regulation Plan Costs Annual Costs Worth
: $ :$ :$

Plan 6L
Niagara River 10.3 1.2 13.8
St. Lawrence River

Internatioanl Reach 30.0 2.9 33.6
Canadian Reach 41.9 4.0 46.5

Total Cost ::T

Plan 15S
Niagara River 19.6 2.0 22.5

St. Lawrence Ri ver
International Reach 45.0 4.3 50.2
Canadian Reach 41.9 4.0 46.5

Total Cost : I "l

Plan 25N
Niagara River 111.4 11.6 134.3
St. Lawrence River

International Reach 38.0 3.4 39.1
Canadian Reach 41.9 4.0 46.5

Total Cost * ThF

Adjusted Basi s-of-
Comparison
St. Lawrence Ri ver

International Reach 30.0 2.9 33.6
Canadian Reach 41.9 4.0 46.5

Total Cost : -. 3

1/ Cost estimates are based on July 1979 price levels, a 50-year economic
life, and an 8-1/2 percent interest rate.
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ANNEX A

CONVERSION FACTORS

(BRITISH TO METRIC UNITS)

1 cubic foot per second (cfs) - 0.028317 cubic metres per second (ans)

I cfs-months - 0.028317 cms-months

1 foot - 0.30480 metres

1 inch - 2.54 centimetres

1 mile (statute) - 1.6093 kilometres

1 ton (short) a 907.18 kilograms

1 ton (long) * 1016.0 kilograms

1 square mile - 2.5900 square kilometres

1 cubic mile 4.1682 cubic kilometres

Temperature in Celsius: °C - (°F - 32)/ 1.8

1 acre - feet 1233.5 cubic metres

1 gallon (U.S.) - 3.7853 litres

1 gallon (British) - 4.5459 litres
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ANNEX B

January 16, 1978

Terms of Reference

Regulatory Works Subcommnittee

In accordance with the February 21, 1977 letter to the International
Joint Commission from the Governments and the International Joint
Commission's Directive to the International Lake Erie Regulation Study Board,
dated May 10, 1977, the subcommnittee will develop engineering designs and
cost estimates of regulatory works in the Niagara River and other remedial
structures in the Niagara and St. Lawrence Rivers required to implement pro-
posed Lake Erie regulation plans. In carrying out this task the subcommittee
will:

a. Prepare preliminary engineering design and cost estimates for regu-
latory and remedial works in the Niagara River.

b. Prepare preliminary engineering design and cost estimates for reme-
dial works in the St. Lawrence River.

c. Prepare discharge capacity-cost curves for use in regulation plan
devel opment.

d. Prepare detailed engineering design and cost estimates for regula-
tory and remedial works required for selected regulation plans.

e. Prepare reports on investigations.

f. Assist and prepare information for the Public Participation program.
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ANNEX C

MEMBERS AND ASSOCIATES LIST
REGULATORY WORKS SUBCOW4 ITTEE

(1977 - 1981)

Period of Service
Name Agency From To

J. Foley 1/ U. S. Army Corps of Engineers Oct. 1977 Completion

D. Cuthbert 1/ Canadian Dept. of Public Works Oct. 1977 June 1979

Canadian Dept. of Environment June 1979 Completion

A. Hollmer Power Authority of State of New York Oct. 1977 Completion

A. Tedrow NYS Dept. of Environmental Conservation Oct. 1977 Completion

S. Hung St. Lawrence Seaway Development Corp. Oct. 1977 Completion

S. Daly U. S. Army Corps of Engineers Oct. 1977 Jan. 1978

A. Ellis Canadian Dept. of Environment Oct. 1977 Completion

P. Yee Canadian Dept. of Environment Oct. 1977 Completion

J. McGregor Ontario Hydro Oct. 1977 Completion

J. Erharti2/ U. S. Army Corps of Engineers Oct. 1977 Completion

Y1 Chairman, Respective Section
/ Long-Term Associates
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ANNEX D

REFERENCE LIST

International Regulation of Lake Erie, Water Levels Study, Construction
Estimate, McPhee, Smith, Rosenstein Engineers P.C., July 1978.

International Regulation of Lake Erie, Water Levels Study, Real Estate and
Damages, McPhee, Smith, Rosenstein Engineers P.C., July 1978.

International Lake Erie Regulation Study, Summary Report by Regulatory Works
Subcommittee, September 1978.

International Lake Erie Regulation Study, Cost Estimate Summary, U.S. Army
Corps of Engineers, Buffalo District, January 1980.

Final Report of the Ad-Hoc Economics Subcommittee, May 1978.

Report on Superior-Erie-Ontario Regulation Plan, SEO-17P, U.S. Army Corps of
Engineers, September 1974.

Appendix G - Regulatory Works Appendix, Regulation of Great Lakes Water
Levels, A Report by the International Great Lakes Levels Board to the
International Joint Commission, December, 1973.

Steady-State Sub-Critical Flow Backwater Model for the Niagara River, U.S.
Army Corps of Engineers, Buffalo District. See Annex E for a listing of this
computer program.

Upper St. Lawrence Hydraulic Transient Model, NOAA Technical Memorandum
ERL GLERL - 24 October 1978.

Report by Federal-Provincial Committee on Flow Regulation, Montreal Region,
by Environment Canada and Quebec Department of Natural Resources, October,
1976.

International Lake Erie Regulation Study - Lachine Rapids, St. Lawrence
River, a report prepared by Engineering Division, Environment Canada,
January, 1979.

Hydrographic and Geotechnical Information on the St. Lawrence River,
St. Lawrence Seaway Authority, Cornwall, Ontario, 1978.

Hydrographic and Geotechnical Information on the St. Lawrence River, OntarioHydro, Toronto, Ontario, 1978.

HEC-2 Water Surface Profiles, Users Manual, Hydrologic Engineering Center,
U.S. Army Corps of Engineers, October, 1973.
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ANNEX E

INTERNATIONAL LAKE ERIE REGULATION STUDY
RATIONALE FOR THE SELECTION OF N3 AS THE

MOST FAVORABLE NIAGARA RIVER ALTERNATIVE FOR
INCREASING THE OUTFLOW FROM LAKE ERIE

To increase the discharge from Lake Erie, seven alternatives were
investigated: modification of the Black Rock Lock (LI), three structures in
and around Squaw Island (Si, S2, and S3), and three structures partially
obstructing the Niagara River (Ni, N2, and N3). The following addresses the
last three alternatives mentioned above (N schemes) and out-lines the justi-
fication for selecting N3 alternative for concentration of further effort.

The maximum proposed diversion flow of 30,000 cfs would have the greatest
impact on the hydraulic parameters when the lowest river flow (200,000 cfs)
is considered. The water surface and energy profiles for a 200,000 cfs flow
were generated and were considered as the base for existing conditions. To
pass 230,000 cfs, with the same Lake Erie elevation as that associated with
the base case, the river cross-sectional area would have to be increased by
dredging. Observing the energy profile of the base flow, the greatest energy
loss occurs in the area around the Peace Bridge. Although improving the
channel bottom by dredging in any reach will decrease the energy loss and
thereby increase the flow; it was determined that dredging in the vicinity of
the Peace Bridge was the most efficient location, regardless of which struc-
ture location is chosen.

Having increased the capacity of the river, the next investigation involved
the location of the partial obstruction. Comparing the impact of the three
alternative structures on existing river levels the following was noted:

a. N1 had the least effect on upstream levels and the greatest effect on
downstream levels of all schemes.

b. N2 had the greatest effect on upstream levels and the least effect on
downstream levels of all schemes.

c. N3 appeared to have the least net effect on existing river levels of
the three alternatives.

The cost of the alternative sites was also considered. Cursory cost com-
parisons indicate that the structures for schemes Ni and N2 would be substan-
tially greater than the cost of N43; Ni, because of the required length of the
structure; and N2, because of the greater river depth at that location.
One further factor influenced the decision. Location of the structure at any
of the three sites would certainly increase the potential for ice problems
during the winter and spring. However, it has been observed during past ice
runs that large ice floes are often broken up in the vicinity of the Peace
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Bridge by high velocity flow and contact with the bridge piers. For this
reason, schemes N2 and N3 would probably create fewer ice problems than NI.

Considering the hydraulic and economic aspects, as well as the potential for
ice problems, N3 was selected as the most favorable "main channel" site for
further study.
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ANNEX F

COMPUJTER PROGRAM

"Steady-State Subcritical Flow Backwater Model
for the Niagara River"
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Program Listing IB-160

Sample Data B-172
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PQJGQA" 4 1 &AVA& Q 43JT. 3JTPL'T# TAPE~al 4PJT, TA2E6z3UTPUT)
C Us0PR 414344 VIVER '4%T4 W*OIEL' * 4315 *722F3023 090'445130013
C 20 4IAS 1974
C 11130023
C SPECIAL STJIfi 31ETlI4 4313063
C HY)RItULtCl 99A44CM 45150043
C 831 50053
C CJIPUTER ')I :vSJER 15
C CA~fl F34RAe 9V! 83130091
C 124 C'9Lu4V 042!a 45139M0
C 45130113
C IP'JT CXRIS 1'd POLV143~ O93E4 43130t23
C 4113013
c ican 1000 -1 :4q) wJ"REP OF SECTI3'JS IN C'4444EL 410~
C P0IwAT is 4i31 NEST NAVY ISLA4) 43130153
C is 412 EAST NAVY ISLM-d 45130163
C Is 431 CMIPPE4A CMAIE.I 45130173
C is 4141 3J~4A0404 C4491.~ RE604 TOI4AtEOA4 M5.40D 43130163
C is 135 NjEST T3'4&AA1D iSLAU 43130193
C is 436 EAST T3NAwAIDA ISLA43 45130200
C Is 437 TON.'44nAdO C4AV44!L 43130210
C is 439 WR4CH4A4S 4R!Ei 4513022
C Is MV 40T JAln 43130235
C is 431) 'd9T JSED 45150243
C 431302S0
C READ loat *I CAR) 4 ChOAPGE 45150;260
C Pclq~AT Is 441 SLAC< CREE< G6!' SECTIOI 24S 45130270
C Is '4'2 iEAVEQ ISLA40 G[G SECTIO4 265 43130251
C BI 443 LASALLE GAGE SECT134 306 45150293
C is 441 4UNTLFY SAG:, SECTT34 SS4 45130303
C is 145i SLACK ROCK 3AZE SECTTOd 525 45130313
C is 446 PEACE %RIDGE 2A;E SECTIOM 6700 41130323
C 43130333
C READ 1050 * )4TA 44)1 - 410 4AMINUA - I SL44K CARD AT EN)3
C FORMIAT 6414 ISTA SECTIDI 'w'dgEI 43130350
c 4116 L'W34 AREA 45130360
C SxIs L143 ELEVATION 43134370
C *414 to S10T4 431 50303
C SKIS 11. LEdGT4 45150393

c92 1CHA1d'dEL 4U"3EV 4313440

C E0 06- AR V COEFFICtE4T F3R EA:'4 C-4ANNEL- 43130S4O
C FOMTSF5.2 AF IN1ETICE ENERGY 0!PFICIE'4t
C Is 1545 44LAMCE i-13 1dCIE;E'4T iY-ASS 0 100t t YES

C READ 106S - I CAR) 43130513
C FOR14AT14PS14 Al4 ROUG4NtESS C3EfPICTE4T 45130523
C 43130563
C READ If063 1 CAN) - 91.04 L33S - SIU69 ISLAVO
C POR'4AT Is '3Lt SECTtO4 4U,43E4 3P FL-3 LOSS
C I10 MaL PLOH LOSS
C IF 43 FLON LOSS SET 19044 12 IL T3 ZM~
C 43130%13
C READ 7440 1 CAR) TOTAL FL3hI A4) :OlTINUAT0o CARD
C PFnR-wAT Flfl.3 3 TOTAL FL3IN
C PE)RMAT 1t0 14 4EA DATA v 4E4 2ARA"ETER CARI E 40 3F RU'j
C FOR '4PM DATA al to I JET 4 a I
C FIR iCm PAVAOETER :44) G3 To 165 LIET 4 a 2
C FO9 ENO IF RJ4 03 TO Sol LET 4 8 32C 45130623
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C ORIGINAL

I L a I
Kq a I
JE U I
JY a I
XZs2

C 45130723
C READ PAR&AETE CA03 93 tUMJER V7 SE:tTO'IS 14 C4ANNEL 63130733
C 4130743

c 4SI36763
C READ PAQAET!4 CAM2 7)R iU"EU 3F 51:113QS W34 4OUG44ESS 65130773
C COEFFICIE4T :4AMGE 45130786
C 41130790

READ JOOtVtoV2, 3, d5,N746 43130309
IS G3 TO (20l22,21.2.).i

C REA* WEST IIAVY h5L.Al C4A44NEL DATA 43150113-1
C 4510563

20 PRINT 100 43130)50
POW'r 102o 43130963
LLm JOI
On TO 49 45150S80

C 43130840
C READ CNIPt4*4 C444EL, )ATA 43130903
C 45130913

22 PRINT 102 45130920

SO TO 49 45130943
C 43150951
C READ TONAaAM4A C441 iI!.wATA 61130963
C 45130973

24 PRINT 3005 4)5o09o

PRINT 1021 1s 0g t
LLON07
SO TO 49 43131018

C 431o1020
C READ EAST T44AqAM2 ISL4ND CHANEL DATA 45131053
C 43131042

26 PRINT t026 63131053
LLaNO6
SO TO 69 43131073

C 43131052
c READ FRE4C4%44S CqE[4 T3 BUFFAL3 DATA 45131090
C 45131101

25 PRINT 100s 45131113
PRINT 102 45131123

C 313115
C READ DATA C4433 4131163
C 43131173

49 KaI
SO READTA(.L.).I.430(K.L')LNDE(M.LI,1a((.LGIL(M.L).'N

C 63151203
C DATA CARO ,ESfS 41131210

€ 43131213
IF(I*(K*.91.E,)G) T38120

CALL EVit

so TO SIM 43131303
c 45131523
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c PQKJT IWAIC )ATA fa4413113Z

LaL4I

c 63131393

READlQI0'3# 4l2L.IL'
165 READ 1400t 9(%),4

0) Is IyzsI,ll

is u iINJ
JE 2 I
KS 2 1

KZ a 21
C

O(5)sZJ( 1
C SLAYFR'S P314T ELEV :14PUTMtIN (AS 4 CU4ICTI)3
c OF THE TOTAL )ISC-44A37. 0(8))
c

OZZIM0/l1)00.
5LO t-256 .79 S3+0 .00 3 7 1 7 # . i9i01e*Z4f)

OFLfl4UtWS(jIi)/I00.
c
c 431 31550
c P0114T PARA"ETE4 CM~ TMSE 43131563
c 43131573

PRINT 1067 43131553
pqpir 3102 43131590
P4T 910

PI4T 120t#432

Pa1liT t2ZOV)s i
PRINT 1203#,414

PRI% 90043131613

PRINjT 911

PR 'l 114m2Lfr(YSS
PRINT I2IO0lv4S' fA4SS
PRINT1 900 41l3

PQ I'i T 1219.2(
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PRINT 120160 2(s)

PRINT 900
PIT o13
01 10 TY21#14

10 C34T I UE
P414T 9403117
POQI'T 9t4j03 11 LTzt#S
PRINT 1PUP#LTvAPP(LTtl

PRINT 915.,*
PRINT 901 43132%93

C 43111163
c F34 RF)UG$4IESS COEFFICIENV 45131712

DI 162 1 2 1#14

£63 no 164 1 a tsIS
164 A4(1) a 6*4(1) * 44(j)

C 4 3131763
c ICESr NAVY 1SLI44 :441V!L 43132773
C 43131763

P348 .i
OCsf)(1 3

C 431319t3
c F14 PRIN4T liT 3F 34:44ArER Cf34PJTAT134S 3E4SE SSITC1 3 31 4131923
C IF SENSE SaITC4 31 2*4 LA4CE AND I*4C4E4E*4T OILL %43T 3CCU4 43131?33
C 45131840

267 1F('CZ4E,).2)w3 T3 169
PRINT 1067
PRINT 1020 43131590
PRINT 1069 M311M0

169 L s0
LA a0

10L L S
20LA LA I

173 IP(*42.tn.2)23 to is*

Tp4EAOUIIASI100.#14EA0

I4S(JvL) ait (,'
KJSIJBIJJBI

190 IELEV S193(1#0)
A(J#L) *LdA)(J@L) 0 ((4(..) 01JLU10)*1(J#L)

C VJPVPVD4FC).tS

04vsqvn40fvj Io

c~cv TAT IOIL -11b0 .)/t(,O411

CjETFRNL-EtV)TAIM 44120



IF(EV.L.J)SJ Y3 M9

6I TO t94O~ 2'l
It CCZ.2s

CE

200 NTs-CEe.4V

G1 TO 23063323
210 HT zCCI'4V

C3EF a CC
G3 TFO 250 4121

2p0 HT a 4
CIEF a 0.

2%0 AAVFa.5.(ACI#L.)OA( 1,6))
kvAVE c +5(41L tq1(J#L))

RxF/AAVEIL1Lb(Ci/?Z3~AVh~V*a
2 M

J1 TnMYTiL * 104
IF( CIIOTALII000-T4It 0-5) .GE.0. )GO TO 23%
KT TAL 1 '

e34 HMAL 14ISJ) a !(l .§ 4 I4OA

235 C'J'4TI'UE 45152443

GOINSJ) 19 143(#300 32)A

26 1(Iv-2E)D&*.tQOl10
20 IF('J.GE.a2)~ T3 W0

GO T3 190 431 32563
265 IF(IJJ.GE.?)13 f3 140

I7 aA3E?43V

290 INJ
V04ayup
04V) 2MVJ2
GO TO (3.304) 0.2.3,0.0)L

C 43132&51
C EAST NAVY tSLA440 C4'14EL 431 32W0
C 451532M7
c sE:Tlfl*4 COJ~'T4 N EST MuAVY ISLA-40 43132693

330 IF(T.T.411)3) WI 190
IF(KI.Et2.Z)23 fl 541
PRINT l"96.LAWF(L)

344 L 9

IF(KL.EQ.;1)23 TI 53
P.I'JT 101
P4141 l1061 63132715

3f0 GO TO 170 43132793
C
c SECTII ClJVTSV 141 NAT~AVY ISLA44 43132793

COPY 0tvdail to DTIC does not

B -124 pesiu ja y lgible 19 O pdu i1 O"



570 IF(C.LT.412)33 TO 143
I(<Z.EO3.e)3J Tr S93
PRTd4 I0q0.L.AtrC(L,)

C 4515253
C SALA4dCE VAVY ISLA43 45152943

340 IF((Z.EQ.t13 T1 II41'~SS

1F(KA.EQ.S);) Tj 402
CALL MALAI4CE (1 2 1'~,)1S422.()t()I

IPCG(2).LE.0.);l T3 %)I
Tor (KA-A) G05.603.433

401, KA a I
PRIN9T 1103 45152943
C3 TO 40 431 32953

402 CALL PC'(). Sl11.1S~O.)21,,K
IF(KA.LT.4)G) TI 803

403 MAUI

V~ TO 01041300

4C.S II)

QM) aS M 2(1)
9i TO 169 43133043

C 03133050
C C141PPARA C4A4d4EL AI3VE NIAVY 1514149 431 33063
C 43133070

410 JF(KZ*Etn,2):; Ti 414
P'414T 106'7
PRINIT 103fl 41133103
PR4T 106 4o 3133110

614 1 a N02? I
143(162) 1 41(43101)
Lot

AM(2) a At(C3)
SC a (30)
04I1 a 1402 IS1
62 TO 170 65133193

C
C 4 CHANIGE I LAC4 CEM9 CAGE 43133203
C

420 IF (J - 441) 160.t2?#2,,
422 44(2) a A'4(4)

C
C N CHANGE& IEAVER 13'.44 CAGE 431332S3
C

P(3ZTOQ.2052 TO3193

c PAS C44GE64133300

PRN 63s 41333S5
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C
440 FIL.d33 ' )

c r&*T C44EL 4--1011 V3*M A1S0AI 411 3613

c FCmK7.CQ.);3 T1 11I 3332

PQtIt 6073133352
P4t1NIT 1021
pq IIN 14lb% 43133673

44M) A4('j)
Qc x '(() 2 IM7 2 )(s) QM(3

GO to Ila 45133523

c M CHAPIGE& L.ASALLE ;Az 4311333

460 IF (J - 'deS) 6740 f? 1 3

62A)MC) 2 A4(7)

G3 13 1%0 ;51 335.73

c PASE C444GE 43133560

463 IF (J.'dE.t'S); TO 170
IF('i')I.LE.1'j);1 T3 III

PRINJT 1AW! 45133633

PQPIIT 1"as 43133642
90 T1 173 03133b52

c SECTInm C~j*4rdV- # 134404A'O C-I4VAELt W. 04 T)VdA1044i(' ISL*'dD 45133663

670 fF(f.LT.d24);7 r7f 140
C 43133b93

c 43133703

1F(7.E).?~3Ti 523
PRIN4T 1090, Lit AFF(s
PRINT 1467 43133730
PR1JT 10?h 43133760

PRINT 1065 43133750
520 1 2 404~ t

143(1.3) 2 43d1.3)
APJ(3) a 44d(1)
A(() a 41(O)

CC a V(35)
G1 TO r) 4 3133925

C SECTIO CIJ'dTER t 4!ST VANAV*'DA ZSLA'd) 65133633

5~tIF1(K.LT.'d)5M2 ?1 110
C *313R345
C EAST TON*x4v)d2 ISLAI) CIANNEL 4313346

57 411557

[Niif( v) a i 11 0t

AM 11)III A110

cc a 11(h) a IM0 - 10)

COP ~viloleto DTIC does Zk~
w.mtuy legible ZopICAQC'

3m
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PR1I4713027

93 toi 170 431359193

C SECTION. Clj'.T!4 EAST* T3'4At#A4A ISL4473
571I(..Ti)) fl 190

IF(KZ.Ea.?):3 T1 boo0

C 43134631
C BALAN.CE f)4A444OA M4LA40 631340423
C 43131OS3

PRIT. 6401, I4Se4l5,3)* 109(436#4)p 2(5), 2(6.)v '(A# J

IF(f3(S).LE.0.)31 10 $4

IF ('(A - 4) S.t*6I!.t2
4.09 KA a I

PRIT 113 3141
G3 TO 4 43t1415I

6.10 C4LL 'CE(2.t33S3.N(O4,)C5AJu
IF(KA.LT.fl)33 TO 4.10

Ju a I
02 706s 4.5 3130203

La?
LA aLA *2

CC a (s)
0(4.) a 9C4) - US5)
93 TO 170 451 34261

C 431342?)
C TOMAIIAA C4fAVVEL 41749 T7N0'4004 ISLAVO 45130?63
C 63130293

4.50 IFC'ZE?)2 T3 4.30
PRIN.T 104.7

4.0PRINT 102S 4313432$
6 I a NO05 # t

Ii1 XS#3 a1 4 25

623 TO 170
C
C PAGE C'IAGE 43134422
C

6640 IF(J.PlE.4'12M2 TO 4.70
IP('(Z.EO.?)13 TO 17I
POINT MY4.
P414.T 3025 43130462
PRT'hT 106.4 43134GY3

62cl TOi 173 451344S2

c I C4AOC v 4JI4TLI 43134093

4.70 1Pr.."E'440)93 T3 490

al TI) 140 41134552
c
C ItcTrn. CI)JItEO * 131404*40A C4A~mc4EI..s 131641M~er.A USLAID 013056
c

400 1P(V.LT.417)21 V') 194
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C 4333650)0

703300

70jF(KH.E'2.l)G) TI 711

1lrC44-I)7t4#. 711.711

PQ1N 1 413 4703
63 rrl 714 43134713

KZ2I
01 731 T111

715 141144

GI T.:) t43

715 AM(1)sAA%(j)
D3 716 181,1')

714 AK((ISAN(T)*6%(t)

75C~ ~T34 43134954

C FQE4dCN'qa14 CVE~'( f3 OJP'&Li) 431116963
C 03136975

7oPQ1'YT Ifl6l 43134190
PQIP4Y 1024 4313540
I31r 6q 33so

Gcao(A)
G3 Tr) 370 43335073

C
C N CH4ANGE * ')LAC' ;:13: 43135083

76S IrFI~L. )T!) 7;0

IM~ST6(J.L).42L)79749.7.7
769 UCuIJCLA).12L/;

all 11 790
767 jFf5AV)2)1T) 790

OCzf)(I.A)

762 A'415)as&(13) OI~4I
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IV(1gL.LE.4)13 TO ISO
V(13lA(J#0-'420t 13r?64*766

764 0Cv1(LA).1)L/?

6'1 TO to0
7bb IF(4NA.EO.2):1 to10

63 TO ISO

7? t(f4QLoLE0);1 T3 179
IFCSTAJ.L).~2L)l77 ,7

772 GCufl(L&)-IIL/2
Q(LA)z1CLA)I1L

631To778

1?41 9441M M a 7

C
C PAGE C14"clG

774 IV(J-I4)T9O#Y?q.7S3
779 PRINT 1067

P414r 1024
POINT? lobs
63 TO 173

C t4 CHANeGE 0 PEACE 91)E

7*0 toluE'~b)37 70

AI((5)xAKCI'13
62 TO 1S0

C SECTION C3JVT14 r FEV4C4'4A'4 CREEK 73 31JFFALO

790 TF(I.LT.'Y2!)S3 TO IS0
PPIT 1490#L#AFF(L)
IF('4-2)Iv19S#4OI

601 CALL EXIT
C
C P214'? STATS4EMTS

900 F:344AT(1043)

910 F3Q%'AT(R0S,*4jW9E4 3F SEC7!23ES 141 :0A*WELa.,3

912 Ffl4wATC?0WvkvLOJE LaSSIS AT SOJAm tS*#/)
93 P39"TZOX#"'44I0IS :3EFFICtENI.,I)

914 P2'A(,0,(N7CE'4590 C0EP**1)
*IS SO4T~~E.J9Jt4 YPASS (541.44= Al) IqREM4 .2

1000 FON'IAT(lors)
t0ot F3q4ITCAIS)
teoS 90RVSAT(l41./#/U4SE.I%4%AS1C )AT& TAIL!'
I@A10 P)'A(,,63?4E74avy ISLA'40:I.4C,)
1021 !4A(/5E!'!1 4AVV ISLA'4O 9"U.

10? F~WAT//.0E9fl734dA'OACHANVEL 41L0A T2'4 ISPOM

2025P34A7(.I0.3043'4',A4OAC*4N'4EL A9~ T'3 13#//)
1016 P1'AI/.SW?'dS 24A'4I4A MS.AI) C444VE.'it)
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102 7 Ft144A(/It 14 to244--. %T T)14AWA14DA lsLaqI) Cs4A-44EL.//)
tO?R F344T/,S,74'z:~AY C4EEK toI 3JFrAL.,//)
1030 ~ A(j1l.II.1~AC4ANEL 4#33V--- 4AV1 13.1/)
104S F0414A1(?bXv53gECsiA-l40 ARAU -6) ELE~.5E..4PlIIT"4v8Xo

1061 F344AT(1'Iff5*)

1067 F) lATC1-4p,65.204J3 4Rd4y CIR23 3F ElS/p%?X.1bHETROIT DISTRICT
#v/#IE.X21 4'ArE4 SJVFACE P'lIPILC./. @lvZBC<4,AIC CO'(lPJTArZ3N5.

106R F1R4AT(?K. n4sx.:ro 19, 44,..t, I 4QvlX@ I Opbltp 14.&,4-O63# AE.6v tIL*

1090 .I FDR A 6.1O~I.4lrvI142 -- oFS4.2X F4) 3E~4JA.2.4O

1070 FJZ,'A?(0E.1'I. 443E---.2ZW0P7..'.F.02K1623)p
1200 F3RqMAT(2Iwv*4!ST 44VYE *702,1',1F.IS),5,KI.69.~.,

120 FllAT3.?E.F 43 4AVY 19 a hots)2.2x.F.1
1200 F'4*R"(2txvh.IPAk (.it,6N) a *#Is)

MIS2 FIRMAT(//'J6.f45 )i1Lt 2344 0 4A 91/.0K24AR E **IsT)

1200 F3)VdAT(?Iw,b!A5T r34%44D IS a *PIS1)
1206 FfQ"AT(21X,.fA34 C-4v 43V un IS *PS)
1207 FV%4AI(PtX,*'41ppabA4% :,A'REF4 *PIS)5
120q 1 14WAT(21v..t)' E~.tt(3'd1 *o '.15)

1209 F34%4At(?4K,@,tV4 4 g~V apf4 3 '15
1210 F34A1(U1E4XOI a .id1 6 F4 U'

ll F'QWAfcZXvf3v., CE:1~'.5.)'

1210 FV)Q'd4r(Pa6w.'fL3 'I:fQ~ CF a.*I)O

124Fr4A(2x.v~lLO4 t4 C-41;PAWdA C0NA44!L a *.PF.0)
1215 F1~4%AI(20X*&LOA 14d $!$T NAVY 19 *P'.71.0)
121b F34'lAT(201tV6.034 1-4 N!ST T04 13 a OvIj2.0)
1217 F)3'4AI(201,.tStT0Tr !LEVAT1D'4 AT SLAT!R3 PUIT a*#'Fb*2)
1310 FI;I"ATIK 16. 3K.-2PF7.2,2X.0PF7.0.?X.F7.0.2E.14.23X.Fb.3.e44E..

# 2X,70.2)
6000 F)3'4AT(/o5X.154AVY 13 AS a *21 S#ZX*6M0 a vlo.02XSIKA v

6001 FpRlq4Atrc#.%v.154t')4 13 AS 2 2 SPX#64430 v ZFS.0.2E.oSl4A
f 1I.21.b'41W a p1l)

6002 Flql'AT(//P5W*15SqrqA'd IS WS 4 *21S XE.6'I *2'9.Ov?XPS4K8
* 11,.21.5431 a vtl.2g.o4l')V a ,I5.#)

7440 F144AT(FO.Oo I 30

C SURUTI'dC F34 iA6.A'C1I43 FL3WS IN 3':44ATER C3400TI34S 0
C *0@3
C CALL MA4C 3AL-44CE
C *OO5
C 29 JAN 1949 00040063
C 0007
C CAqm F30T9A'd IEO I

t* ~ ~ ~ j IfWDtF I v4ic I ?

*Copy 
MWllab 0 ),C doe$ 1

B- 130 3vomit *ulhi IogibIe replodUctio
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C Pg3GRAW'eER IAA4I 4, 2.aI'.'

C AQ3U%'4T3-!I503vt'iQ I A.S. ELEVATI2'41 (14
C 35-11)
C is - 70.9!)

C 0404:163
C 14PUT ELEVATIJ43 44! FIXED POINT 09040 172
C @9040192
C g0o0q0191

IF(XA.EQ.2)S3 Ta %

IF* F4v~o; T3 I

0O TO S

4OS80T-e00.

6u

02 TO 4
7 K3Ej

S RETIJRI

SUSPOUTINE 641ta3gi*5(J)
C III RW)Tt4E F34 14:4!414TI'G FLOiW3 IN §4C~oAfE4 :'.PUTAT13NS @90409040022
C 09040032
C CALL NAME 14CRCEET 09040063
c 00040453
C 29 JAN 1969 0684
C CARD F3RTR4441 .9V 00014007
C C04PUTER us9 CYSEA 173

C PR6RAMeaFIAV 493JIN 404090
C PXAIE 91 *2!N990-40103
C A9GIVAMIS.KM135PINSO - 4.3. ELEVATI3%lS (IV4)

C 94-14EK 09040133
C 090140M6
C ZNPUT ELEVATIVI 44-9XE 20to*ONT 09040IS3
C 090401bi
C 090410173

Imi.En.)2m T3 as

25 tP(TOFA)35.55,3o
30 KF(tOq)S5.55.60
is IMPCIDPSIOM0) T3 35

63 TO 60

5*SS KAa 400

66 RETUN
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4 5 19 11 16 b IS 49 1 1 4o SEC PER :,4 4315
It Is I 29 b 31 SEC 40 F3R 4 CqAVGE 415

110 2540') 56010 5700 1300 1
10'; 214600 5617i 1400 3300 1
Ito 249010 Sb65 1U7, 2000 1
Its S1IM 563l1% 2150 0 1

I
?o 1) 53100 56070 4500 5100 2
203 20630 341 1650c 2000 a
205 16 10 r 36195 IM0 2700 2
?to 14 101 11 SI 1 1700 1700 1
215b 17903 56116 170#1 3 2

Z20 4*S** 56127 45) 27oa t 1

2S0 40401 SS1t4 ?140 62,0 2 ?
21S 32900 56166 2 r0 710 2to 20 25
200 4660 56111a 2lso 371)3 2 25 2
215 45601 5W-19 375.1 9003 2 45 s0
as50 67207 W421 2750 6003 2 35 10
255 4001 5650 2000q 2703 2 20 U3

2b0 41503 56275 3600 6203 2 75 I

270 131.)0 56S0 2325 1603 2 12 0
27-% 36541 56316 2654 1700 2 16 0
2q0 42031 563.?1 2725 1600 2 14 0
265s 55100 S513 3900 S a 20 9

3.10 32600 511170 1665 19s) 3
302 35500 5607%§ 19091 1103 3
301 34i33 561s3 3300 2650 3
306 411?0 56799 36f 0503 3
304 303 5b104 3500 7503 3
10f 36670 5b1?4 2700 67-10 3
St? 2313 56200 2700 1901 3
3101 57451 56200 3450O 1300 3
316 35710 3S!23 S760 1650 3
514 37210 5 6 V0 3150 1000 1
32n 35240l 36O0 3240 2150 3
32;) 1340 56200 2650 2600 3
32"Q 61010 56200 2900 0000 3
325 33071 56200 2400 300 3
316 33070 56203 2600 3903 3
3254 29515 56200 2050 0003 3
130 37350 56200 2b511 3230 3
52 31010 56200 1500 1400 3
334 331%51 56200 1510 2600 3
351, 3551 56200 1920 2600 3
35A 3595 56200 1760 2200 3
360 349;) 56200 1750 1603 3
12 3570 56o0 1640 2200 3
364 33530 56200 1700 2000 3
366 36510 56200 1550o 4950 3
Jimt 35121 56200 1650 1600 3
350 46410 WOO0 1920 1700 3
3 5A 62100 56200 2000 2650 3
354 21130 5650 1300 1500 3
35e, 27100 5%507 1400 1300 3
354 2S111 35314 160 175 3
360 26530) 5652 1400 250 3
342 Si700 56154 2525) 03
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(600 79" f40 0 0 4

s00 47100 56355 6125 2003 5 1975 Colo0
SOS 96700 533 5600 2700 s 1975 Cov)
510 Won0 5635S 3150 IS,)* 5 1975 CU'iO
515 39400 56566 1900 30) 5 1975 C(M4
520 600,0 56167 1900 600 s 1973 cola
%25 39q?'0 36370 1680 910 5 1975 comb
530 41S50 56395 1530 63 s 1975 EnloI
535 42M' 56111 1575 655 5 1973 C0113
500 40420 56125 1730 603 S 1973 Colo
542 6942) 56163 173S 530 5 1975 C04D
S57 40900 566739 130 650 5 1975 Colo
565 10613 56655 1630 613 5 1975 :040D
550 6065" 5669 1690 690 5 1975 010o
555 66000 56504R 1540 740 5 1973 Colo
564 40703 5652? 1290 463 5 1973 :o101
5S? 45900 56559 1220 530 S 1975 :0143
566 3153 56551 12rs 723 S 1975 call
564x 27000 5M69 1340 360 S 1975 :040
569 20701 56579 14t0 393 5 1973 :040
570 20750 56559 1510 51e 5 1975 C040
571 25090 56650 1520 100 S 1973 C043
572 25670 56650 1560 100 5 1975 CO'43
573 24990 56660 1600 103 5 1973 C043
57' 25190 56164 1600 100 5 1975 :04
S7s 26160 5667 1630 103 5 1975 :o1o
576 24S50 5670 1630 103 5 1973 Colo
577 24120 36690 1640 10* 5 1973 :012
574 24090 5669 1630 to0 5 1973 Colo
57g 25573 56710 1674 103 5 1973 C041)
560 26360 3570 1679 100 S 1975 ColD
Sol IM73 56720 1570 101 5 1975 C040
512 25470 56790 1670 100 5 1975 Coll)
545 26610 56500 1720 1** S 1971 COv)
5%4 26430 5640 1960 100 5 1973 Colo
S65 Wei2 WIG3 1780 101 5 1975 Cam-3
54*h 26123 56413 t7i0 103 9 1973 Col-1
547 30360 590 1780 103 5 1975 Colo
586% 31790 56560 1930 too 5 t975 :010
5419 52260 56130 2020 103 5 1975 1IID
90 353060 56940 l0an t00 s 1975 Colo
sit 33393 56970 2150 M6 5 1975 WI)
SIP 29460 56679 2S40 Solt 5 1975 CflID
5M 35020 5670? 3040 1200 s 1975 ;0,40
S9S 39200 5673 3170 990 Is 1975 :040
600 47450 56768 4435 MSo 9 197% ColD
605 60330 56715 6180 si9* 5 1975 :f010
610 95763 565S 7040 1233 S 1973 Colo
615 125990 56569 627 663 s 1973 ColD
620 173370 56970 9360 0 5 19073 ;0,40

s
13 1316 116 116 *
277 277 277 233 237 260 260 260 263 2,25 225 to0 166 290
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210000
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